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PREFACE 



TO THE FOURTH EDITION. 



During the seven years which have elapsed 
since the publication of the third edition of this 
work, considerable advances have been made in 
the practical part of Medical Chemistry. 

The Editor has endeavored to represent these 
as fiilly as is consistent with the concise and sim- 
ple character which constitutes one of the great 
merits of Bowman's "Handbook/' always remem- 
bering that the processes described should be such 
as can be carried out by the medical student, with 
the resources of the medical school and the hos- 
pital. 

In the chapters on the Analysis of Urine, where 
the greatest services are rendered by chemistry to 
clinical medicine, processes have been introduced 
for tne quantitative determination of creatinin 
and of ammonia, and the methods of determining 
them have been carefiiUy revised at the laboratory 
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table. The application of the volumetric prin- 
ciple to the analysis of urine has been extended 
as far as it appears to be safe, since the rapidity 
with which volumetric determinations may be 
executed, with great relative accuracy, and with- 
out demanding great skill on the part of the ana- 
lyst, recommends this method strongly to the 
attention of the medical practitioner. 

Short practical directions for the examination 
of the solid excrements, of bile, and of the liquids 
of muscular flesh have been added ; but chyle, 
lymph, &c., have been omittedj as not generally 
obtainable for analysis. 

Much improvement remains to be made in the 
difficult examination of mixed fluids for the prox- 
imate constituents of animal bodies, though the 
recent researches of English and Continental 
chemists have enabled the editor to make some 
additions, which, it is hoped, will prove useful. 

Since the examination for poisons in organic 
mixtures is comparatively seldom undertaken, ex- 
cept by the professional chemist, the additions 
which have been made to that part of the work 
presuppose considerable familiarity with chemical 
manipulations ; though it has not been forgotten 
that, for the purposes of a judicial inquiry, the 
medical man often requires a knowledge of the 
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best processes for the detection of poison, though 
not desiring to carry them out himself. 

Believing that the revival of the electrolytic 
method for the detection of metallic poisons will 
give greater confidence in chemico-legal investi- 
gations, the editor has fully described its appli- 
cation. 

Short chapters have been added upon the de- 
tection of strychnia, nicotia, phosphorus, and al- 
cohol, in organic mixtures. 

The general systematic course for the detection 
of poisons in organic mixtures has been tested by 
mixing minute quantities of the poisonous sub- 
stances to which it refers with articles of food, and 
proving that the directions given would certainly 
lead to their detection. 

The concluding chapter contains some concise 
directions for the application of the elegant pro- 
cess of dialysis, introduced by Professor Graham, 
to the separation of poisons from organic mix- 
tures. 

King's College, London, 
October, 1862. 



PREFACE 



TO THE THIKD EDITION 



The rapid sale of two large editions of this 
little work encourages me to hope that I was not 
altogether unsuecessfiil in supplying a deficiency 
in medical literature which has been long felt by 
a large body of the Profession, as well as in fur- 
nishing a plain and trustworthy text-book for 
the Medical Student. 

In the present edition I have endeavored, with- 
out materially adding to it, to embody all the re- 
cent discoveries in Medical Chemistry which have 
been announced up to the present time, and thus 
to keep pace with the rapid advance which is 
every year being made in this most important 
branch of medical science. 

John E. Bowman. 

King's College, London, 
January, 1866. 



PREFACE 



TO THE FIKST EDITION. 



The want which, as a teacher of Practical 
Chemistry in a Medical School, I have long felt, 
of a small manual containing instructions for the 
examination and analysis of urine, blood, and a 
few other of the more important animal products, 
both healthy and morbid, and comprising also 
directions for the detection of poisons in organic 
mixtures and in the tissues, was my chief induce- 
ment in undertaking to write the present little 
work. 

In doing this, my endeavor has been to supply 
a book that will be found useful, not only to the 
Medical Student, but also to the Practitioner, to 
whom the value and impoi'tance of the applica- 
tions of modern chemistry and microscopic analy- 
sis to his art are becoming daily more and more 
apparent. 
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The writers to whom I have been chiefly in- 
debted are Drs. Golding Bird, Owen Rees, Day, 
Franz Simon, Vogel, and Donn6. My warm 
acknowledgments are also due to my friend and 
colleague, Professor Miller, who, in addition 'to 
much other valuable assistance, kindly undertook 
to revise the proof-sheets during their passage 
through the press. 

J. E. Bowman. 



King's College, London, 
April, 1850. 
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MEDICAL 



CHEMISTRY. 



PART I. 



CHAPTER I. 

HEALTHY TTBIKE. 



SECTION I. 

1. Healthy human urine is an amber-colored, watery 
fluid, holding in solution a great variety of substances, 
both organic and inorganic, and containing also in sus- 
pension a small quantity of mucus, derived from the 
bladder and urinary passages. The specific gravity 
(278) of the healthy secretion may be said to vary from 
1003 to 1030, depending on the amount of solid and 
liquid food taken, the period of the day at which the 
urine is passed, and other circumstances which tend to 
increase or diminish the proportion of solid matter con- 
tained in it. Thus the urine which is passed shortly 
after drinking much water or other fluid, commonly 
called urina potua, is usually pale in color, and of low 
specific gravity, varying from 1003 to 1009 ; while. * 
the other hand, that which is secreted soon af 
digestion of a full meal, commonly called utilBk 
has most commonly a high specific gravily, ^ 
1030; the urine which is passed immediate 
night's rest, called urina sanguinis y may g/shk 
considered to furnish a fair specimen of 46 i 
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26 HEALTHY URINB. 

density of the whole urine, and will in most cases be 
found to have a specific gravity varying from 1015 to 
1025. The average density of the whole urine passed 
by an individual in the twenty-four hours is usually from 
1015 to 1020; and the quantity passed during the same 
period varies from twenty to forty-eight or fifty ounces, 
holding in solution usually from 600 to 700 grains of 
solid matter (279). 

2. While warm, urine has a slightly aromatic smell, 
which is not perceptible after cooling. It is usually 
slightly acid to test-paper, from the presence of acid 
phosphate of soda (NaO,2HO,P05) but the experiments 
of Dr. Bence Jones show that when passed shortly after 
eating, the urine is often neutral, or even alkaline, be- 
coming again gradually more and more acid, up to the 
time when the next meal is taken. When kept for some 
little time, it first becomes a little more acid (apparently 
from the formation of lactic and acetic acids), and 
deposits of a few crystals of uric acid entangled in the 
cloudy deposit of mucus ; but after a longer period it 
putrefies, becoming alkaline and ammoniacal, and de- 
posits a sediment of earthy phosphates, previously held 
in solution by the free acid (43). If the urine be kept 
for a still longer time, it becomes more and more con- 
centrated by spontaneous evaporation, deposits minute 
crystals of chloride of sodium, phosphates, and other 
salts, and eventually becomes covered with a grayish- 
colored mould, containing minute fungi and animalcules, 

3. Although chemists have not yet succeeded in insu- 
lating for examination all the ingredients of urine, nor 
even in ascertaining the general nature and character of 
several of the compounds which probably enter into its 
composition, still they have, by their researches, deter- 
mined what appear to be the most important of its con- 
stituents ; and it is to these only that the student need 
turn his attention, leaving the more problematical and 
obscure parts of the subject to be decided by the future 
labors of the physiological chemist. 

4. The solid matters of the urine may be said to con- 
sist of the follow^ing, viz.. Urea; uric acid; hippuric 
add ; creatinin ; gi^ape sugar ; vesicai miicits, and epithe- 
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lial (Mbris ; animal extractive ; ammoniacai salts ; fixed 
alkaline salts ; and earthy salts} 

6. The student will do well to test a little of the 
healthy secretion, which should, for this purpose, be 
that passed immediately after a night's rest (1), for these 
several substances, in the manner described under each, 
in the following sections; and if he has leisure and op- 
portunity, he may prepare specimens of urea, uric and 
hippuric acids, and some of the other constituents, 

SECTIOIT II. 

Urea (C^H^NA). 

6. This important ingredient of the urine, which ap- 
pears to be the vehicle by which nearly the whole of the 
nitrogen of the exhausted tissues of the body is removed 
from the system, is a solid crystalline substance, color- 
less when in a state of purity, and easily separated from 
the other matters with which it is*associated. 

7. The presence of urea in the urine may be readily 
shown by concentrating a little of the secretion to about 
one-half or one-third its bulk, and mixing it with an 
equal quantity of pure nitric acid; when delicate crys- 
talline rhomboidal plates of impure nitrate of urea 
(C2H^N202,HO,NOg) will be found gradually to sepa- 
rate from the liquid (16). 

8. Pure urea may be obtained from the nitrate thus 
separated. For this purpose, about a pint of urine, 
filtered from the mucus as soon as possible (11), is evap- 
orated, at a heat below its boiling-point, to two or three 
ounces; when cool, the concentrated urine is decanted 
from the deposited salts, and mixed with an equal bulk 
of colorless nitric acid (sp. gr. 1.26). After standing 
for some time, the pasty mass of nitrate of urea is 
pressed, to free it from the adhering liquid^ dissolve*' 

a little boiling water, and allowed to crystalline, 
pure crystals are again dissolved in hot Mrater, and 6' 
powdered carbonate of baryta is added in small por 

^ According to Campbell, urine also contains a minute qi 
of formic acid (Cfijd^). 
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as long as any effervescence is perceptible. The nitric 
acid has now combined with the baryta, whilst the car- 
bonic acid, being incapable of combining with the urea^ 
makes iis escape. 

Nitrate of urea. Garb, baryta. Urea. Nitrate baryta. 



C2H^NgO2,HO,NO5+BHO,CO,=0jH,N2O2+BaO,NO5-fHO+CO,. 

The excess of carbonate of baryta is separated by 
filtration, and the clear liquid evaporated to dryness on 
the water-bit th. The dry residue of urea and nitrate of 
baryta is boiled with a little alcohol, which dissolves 
only the urea, and, when decanted off and evaporated, 
deposits it in prismatic crystals resembling nitre, which 
may 'be purified, if necessary, by dissolving in water, 
decolorizing with animal charcoal, and evaporating the 
filtered solution. 

9. The crystals of urea, which, when obtained by slow 
evaporation, are four-sided prisms, and deliquesce slightly 
in air, are soluble iif about their own weight of cold 
water, and in a much smaller quantity of hot; from 
which latter the urea separates, on cooling, in the form 
of beautiful silky needles. It is soluble in about 4.5 
parts of cold alcohol, and in less than half that quantity 
of hot; in cold ether it is nearly insoluble. Its taste is 
saline and cooling, somewhat resembling that of nitre. 

10. The proportion of urea present in healthy urine 
appears to vary from twelve to upwards of thirfjr parts 
in 1000, about fourteen or fifteen being the average. 

11. An aqueous solution of urea may be kept, pro- 
vided it is pure and tolerably concentrated, for a con- 
siderable length of time, without undergoing chemical 
change; but if any albumen or mucus, or other fermeut- 
escible matter, is present, decomposition rapidly sets in, 
and in a short time the whole of the urea becomes 
transformed into carbonate of ammonia {NHfi^CO^, 
the elements of water being at the same time assimilated. 

In urine, this change speedily takes place, owing to the 
presence of mucus; the secretion thus acquiring, especi- 
ally in warm weather, an alkaline reaction in the course 
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of a few hours after being passed. Under the influence 
of the caustic alkalies, also, urea becomes gradually con- 
verted into carbonic acid and ammonia. 

12. When heated on platinum-foil to about 260°, urea 
fuses without undergoing decomposition ; but if the heat 
be increased much beyond that point, it is decomposed 
into ammonia (NH3) and carbonate of ammonia (NH^O, 
CO2), which volatilize, leaving a residue consisting chiefly 
of melanuric acid (CgH4N404). 

13. Urea, though its solution is neutral to test-paper, 
has decidedly basic characters, combining with acids to 
form salts, some of which are crystalline. Of these, the 
two which are of the most practical importance are the 
oxalate (C2H4N202,HO,C203) and the nitrate (C2H4N2O2, 
H0,N05), which on account of their sparing solubility 
in water, supply a ready means of separating urea from 
the other matters coexisting in the urine. 

14. Oxalate of urea (C2H4N202,HO,C203)* may be pre- 
pared by concentrating urine on a water-bath to about 
one-eighth its bulk, and filtering through muslin, in order 
to separate the insoluble sediment of phosphates and 
urates, which are generally deposited during the evapora- 
tion. The liquid thus clarified is mixed with about an 
equal bulk of a strong solution of oxalic acid in hot 
water, or the solid acid in powder may be added as long 
as the liquid, heated to about 190° or 200°, continues to 
dissolve it. The mixture, on cooling, deposits an abun- 
dant crop of crystals of oxalate of urea, mixed with a 
little of the excess of oxalic acid, and colored brown by 
the adhering impurities. The crystals are then gently 
pressed between folds of filtering-paper, washed with a 
small quantity of ice-cold water, and purified by re- 
crystallization ; the last traces of coloring matter oeing 
removed, if necessary, by boiling the solution with puri- 
fied animal charcoal.^ 



^ The bibasic character of oxalic acid being now goneraljb 
nized, theformulaof oxalate of urea should be written 2(0t£l 
2H0,C^0a. 

* Animal charcoal is puriiied from the phosphate and Cf 
of lime by repeatedly boiling it with hydrochloric acidf till 
liquid is not precipitated by ammonia; the charcoal muft 
washed with water till the latter is no longer acid. 
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1 5. The oxalate thus obtained is 
colorless, and in the form of tabular 
or prismatic crystals (Fig. I ), which 
are readily soluble in hot water, but 
only sparingly so in cold, twenty- 
five iwirts of which dissolve not 
more than one part of the salt. 

The oxalate of urea obtained 
from urine may be employed to 
furnish pure urea, by dissolving it 
in hot water, and adding powdered chalk as long as it 
causes efiervcscence. The insoluble oxalate of lime is 
then filtered off, and the solution of urea evaporated on 
a water-bath to crystallization. 




C,HjN,0„HO,C,0,+CaO,CO, = CaO,C,0,+C,HjN,0,+HO+CO,. 

16. Nitraie o/ urea (CjH,N,0„HO,NO,) may be ob- 
tained by adding strong, colorless nitric acid, free from 
nitrous acid, to lu-ine previously concentrated by evapora- 
tion to about one-third its bulk ; the nitrate gradually sep- 
arates in irregular rhomboidal 
Fio-2- plates {Fig. 2), more or less col- 

ored an<1 modified in form by the 
impurities present. Thecrystals 
are washed with a little ice-cold 
water, then pressed between folds 
of filtering-paper,and redissolv- 
ed in lukewarm water; lastly, 
they are purified by recrystalli- 
zation, and, if necessary, the last 
traces of coloring matter may be 
removed by boiling the solution 
with purified animal charcoal. 

The absence of nitrous aeid in 
the nitric; acid employed for pre- 
cipitating; tlio urea is insist^Ml on 
beeaa'^c this sul)!<tan(« is imme- 
diately decomposed by nitrous acid, with violent effer- 
vescence, from escape of carlx>nic acid and nitrc^n. 
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Even with colorlc^fl nitric acid, a Blight effervescence 
always takes plac^e, muic a little nitrous acid is formed 
by the action of urinary coloring matter uj)on the nitric 
acid. 

17. Nitrate of urea is soluble in al)out eight times its 
weight of cold water, and in a much smaller quantity of 
hot. It is tolerably soluble also in alcohol, esj)ecially 
when warm; but almost insoluble in ether. 

18. The formation of this crystalline compound on the 
addition of nitric acid, is one of the most distinctive tests 
for the presence of urea which we possess. The experi- 
ment is made easily, and with great delicacy, under the 
microscope, by concentrating a droj) or two of urine on 
a glass slide, and adding to it about an eciual quantity of 
pure nitric acid ; the nitrate will gradually crystallize in 
deli(?ate rhomlnndal platoji (Fig. 2), the number and 
abundance of which will furnish some indicaticm of the 
quantity of urea present in the secretion (181). 



SECTION III. 
Uric {or LitJiio) Acid {CJI,N,(\=2H0,CJ[^N,(),). 

m 

19. Uric acid, though usually present (mly in small 
({uantity in human urine, appetirs to be one of the most 
important of its ingredients ; and as the proportion varies 
(^nsiderably in many formsof disease, its (letermination, 
when in abnormal (luantitv, frequently affords much 
valuable assistance to the physician in diagnosis. The 
proportion present in the healthy secrt^tion apj)ears to 
vary from 0.3 to nearly 1 .0 in 1000 parts, lalmut 0.4 being 
the usual average. It probably exists, for the most part, 
in combination with alkalies, since, when unoombined, it 
requires nearly 15,000 times its weight of oold water to 
dissolve it, while the alkaline urates are 

more soluble (22). 

20. Uric acid may be obtained by addi 
viouslv (!on(Hintratea to about half its b" 
of hydrochloric acid {HQ), and allowii 




32 HEALTHY URINE. 

stand for a few hours in a cool place.^ Minute reddish 
crystals of the acid gradually appear, having the forms 
shown in Fig. 3, stained with the coloring matters coex- 
isting in the urine. These crystals may then be dissolved 

in moderately dilute potash, and 
Fig. 8. from the solution thus obtained the 

pure acid may be again precipitated 
in a crystalline and colorless state, 
by supersaturating it with hydro- 
chloric acid. 

21. The crystalline forms in which 
uric acid is presented to us are very 
various (186), but they all appear 
to be modifications of the rhombic 
Uric Acid. prism. Most of these crystals, when 

examined with the polarizing micro- 
scope, develop very beautiful colors ; and their forms are 
frequently characteristic, and indicative of the peculiar 
circumstances under which they may have been deposited. 
22. Uric acid requires, according to Liebig, about 
16,000 times its weight of cold, and nearly 2(K)0 times 
its weight of hot water to dissolve it, forming in the 
latter a solution which is feebly acid to test-paper. It 
is insoluble in alcohol, and nearly so in dilute hydro- 
chloric and sulphuric acids ; it (dissolves in the latter acid 
when concentrated, and is reprecipitated on the addition 
of water. It combines with bases, especially the alkalies 
and alkaline earths, forming salts (urates), which are for 
the most part insoluble, or very sparingly soluble in 
water. Of these the most soluble is the urate of potash 
i^KOjC^^^Jd^j which dissolves in about 35 times its 
weight of hot water. On this account, uric acid dissolves 
with comparative facility in a dilute solution of potash. 
Urate of Soda {2^SiO,C^QlL^^/^^) requires for its solution 
124 times its weight of hot water; and uraie of ammonia 
(NHAHOjCioHgN^OJ 243 times its weight of hot, and 
about 1720 of cold water, to effect its solution. The 
presence of a small quantity of chloride of sodium, such 

1 Even without previous concentration, urino will pjonerally 
deposit crystals of uric acid, if mixed with a little hydrochloric 
acid and set aside. 
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as is contained in the urine, renders water capable of 
dissolving nearly twice as much urate of ammonia as is 
taken up by pure water.^ 

23. The action of nitric acid {HO^NO^ upon uric acid 
is highly characteristic, and furnishes, perhaps, the most 
delicate test of its presence which we possess. If a little 
of the acid, in the state of powder, is placed in a drop 
or two of tolerably strong nitric acid, in a watch-glass or 
on a strip of glass, it will gradually dissolve : carbonic 
acid (COj) and nitrogen being given off with efferves- 
cence, and leaving behind a mixture of alloxan^ (Q-^4 
iVjOjo)? alloxan tine (CgJZgiV^g^io)) urea, and some other 
compounds. This may then be evaporated nearly to 
dryness at a gentle heat, when a red residue will be left, 
which, when ooldy should be moistened by a drop or two 
of ammonia, or exposed to ammoniacal fumes, which will 
develop a beautiful purplish-r(*d color, owing to the for- 
mation of murexide (Cjg-ffgJVgOg). If the mass be now 
moistened with solution of potash, a very beautiful purple 
color will be produced. The potash may be applied at 
once to the residue left after evaportiting the nitric acid, 
and is a far more delicate and characteristic test than the 
ammonia. The same effect is produced when urate of 
ammonia, or any other urate, is similarly treated. 

24. When heated before the blowpipe, uric acid is 
decomposed, erpitting a disagreeable smell, resembling 
that 01 burnt feathers, mixed with that of hydrocyanic 
acid, which, together with carbonate of ammonia and 
some other compounds, is formed during the decompo- 
sition. 

SECTION IV, 

Hippuric Acid (H0,CigHgN05). 

25. A small quantity of hippuric acid appears to be 
generally present in healthy urine, and in certiiin forms 
of disease, especially in cases where a vegetable diet has 

* Lithia forms one of the most soluble uratoH. Schillinj^ has 
shown that the acid urate of lithia (LiO.IIOjCjyll.jN^O^) disKolvoB 
in 89 parts of boiling water, and 808 parts of cold water. Tlio 
neutral urate would be still more soluble. 

' Alloxan has been found by Liobig, on one occasion, in mucus 
from the intestines. 
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been adopted, the quantity is found to increase consider- 
ably.^ In jaundice according, to Kiihne, hippuric acid 
is entirely absent from the urine, even after the adminis- 
tration of benzoic acid, which is converted, in the nor- 
mal state of the system, into hippuric acid. 

26. Hippuric acid may be prepared from fresh human 
urine, or still more readily from the urine of the herbiv- 
ora, which usually contains it in much larger quantity than 
the human secretion. The urine is first evaporated at a 
gentle heat until it has the consistence of a syrup ; it is 
then, after cooling, supersaturated with hydrochloric acid, 
which will dissolve the earthy salts, and cause after a 
time a crystalline precipitate ef impure hippuric acid 
mixed with uric acid, coloring matters, and other sub- 
stances, which give a more or less dark-brown or reddish 
color. The precipitate is then dissolved in a small 
quantity of hot water, from which it again crystallizes 
on cooling. To obtain the pure acid, these crystals may 
be boiled with hydrate of lime and water, the solution 
of hippurate of lime (CaO,C,8H8N05), filtered and mixed 
with excess of hydrochloric acid, which precipitates the 
hippuric acid, in the form of minute tufts of needle-shaped 
crystals (Fig. 4, a and 6) ; these may be again dissolved 
in hot water, and allowed to cool gradually, when beautiful 
crystals (four-sided prisms) will be obtained of consider- 
able length, but so friable as to fall into powder under 
the slightest pressure. A more minute examination for 
hippuric acid in human urine may be made by evapo- 
rating eight or ten ounces of urine to a syrup, acidula- 
ting with hydrochloric acid, and agitating witii about an 
equal volume of ether, the separation of which is after- 
wards promoted by adding a little alcohol. If the solution 

^ According to Liicke, hippuric acid is often entirely absent from 
the urine of persons living upon a mixed diet, and can only be de- 
tected when the food is composed chiefly of vegetables. It is said 
to increase in fever, in chorea, and in diabetes. Dr. Bonce Jones 
has recently determined the hippuric acid in the urine of two 
healthy men living upon a mixed diet. A large number of experi- 
ments led to the mean result that in one case, the urine of 24 hours 
(1.26 pint) contained 4.9G grs. of hippuric acid, and in the other 
(2.87 pints) 6.5 grs , the quantities of uric acid passed in the same 
time oeing, respectively, 4.74 and 11.6 grs. 
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in ether be evaporated, and the residue boiled with a 
little water, the hippuric acid will be dissolved, and de- 
posited in crystals, when the solution is allowed to stand. 



Fw. 4. 




Hippuric Acid. 

27. Hippuric acid is very sparingly soluble in cold 
water, requiring about 400 times its weight to dissolve 
it; in hot water, however, it is readily soluble, and, on 
cooling, crystallizes in beautiful silky tufts. It is very 
soluble in alcohol, but very slightly in ether.^ 

28. When mixed with uric acid, it may be separated 
from that substance by treating the mixture either with 
hot water or alcohol, in both of which uric acid is in- 
soluble or nearly so (22). It may be distinguished from 
uric acid also, by its giving no purple color when tested 
with nitric acici and ammonia (23), and by its diflferent 
crystalline form (26, 29, 186). 

29. When an alcoholic solution of hippuric acid is 
allowed to evaporate slowly, the crystalline residue which 
is left hafi usually some such appearance as that shown 
in Fig. 4, c. When deposited from a hot aqueous solu- 
tion, the crystals have more the appearance shown at d 
in the figure. 

30. When heated in a tube, it is converted chiefly into 
benzoic acid (HOjCj^HgOg), and benzoate of ammonin 
(NH40,Ci4Ha03), which sublime, together with a red oily 
matter (benzonitrile, Cj^HgN), which has a jpeculiar and 
characteristic smell, resembling that of the Tonka boan. 



1 Thus distinguishod from benzoic acid, which dissolves roudlly 
in ether. 
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When boiled with acids or alkalies, hippuric acid is con- 
verted into benzoic acid and glycocin (gelatin sugar) : 

Hippuric acid. Benzoic acid. Qlycocin. 



HO.CisHgNOg + 2H0 = HO,Ci,H,0, + C\H,NO,. 

SECTION V. 

Oreatinin (CgH^NjOj). 

30 a. This substance is contained in healthy human 
urine, in the proportion of about 0.4 in 1000 parts, and 
in larger quantity in cow's urine, and, although its phys- 
iological and pathological relations have not yet been 
fiilly investigated, it must be regarded as a very impor- 
tant constituent of the excretion. 

In order to extract the creatinin, a pint of urine is 
neutralized with milk of lime, and chloride of calcium 
is added as long as it causes a fresh precipitate. The 
earthy phosphates are then separated by filtration, and 
the clear liquid evaporated on a water-bath to a small 
bulk, so that the salts begin to crystallize out on cooling. 
After it has been allowed to stand for some time, the 
liquid is poured off into another vessel (leaving the de- 
posit), mixed with about j^jjth of a saturated solution of 
chloride of zinc, well stirred with a glass rod, and set 
aside for three or four days. A crystalline precipitate 
will then be deposited, consisting of a compound of 
creatinin with chloride of zinc (CjH7N302,ZnCl). This 
is washed two or three times with small quantities of 
cold water, and dissolved in boiling water. The solution 
is boiled in a dish, and freshly prepared hydrated oxide 
of lead^ added in small portions, till a yellow precipitate 
(oxychloride of lead) has separated, and the solution is 
decidedly alkaline. The creatinin is thus set free and 
dissolved by the water, whilst the chloride of zinc is 
decomposed by the hydrated oxide of lead, with produc- 
tion of hydrated oxide of zinc and oxychloride of lead, 
which are both insoluble in water. The filtered liquid 

^ Prepared by precipitating nitrate of lead with a slight excess 
of potash, and rapidly washing, on a filter, so long as the washings 
are strongly alkaline. 
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is boiled with a little animal charcoal, which removes the 
coloring matter, as well as any oxide of lead which may- 
have dissolved, and after a second filtration is evapo- 
rated to dryness on the water-bath. On treating the res- 
idue with hot alcohol, the creatinin is dissolved, and may 
be obtained in beautiful transparent prisms, by allowing 
the alcohol to evaporate. The portion left undissolved 
by the alcohol generally contains creatin (CgH^NgO^), 
a feeble organic base, which is found in the juice of 
flesh. It was formerly thought that the creatin was also 
a constituent of urine, but recent experiments have shown 
it to be formed from the creatinin, during the evapora- 
tion of the urine, by the assimilation of the elements of 
water. 

CreatiDin. Creatin. 

C^^7+ 2H0 = C^^7 

Since this change takes place, even in the cold, in alka- 
line solutions, the urine should be filtered as rapidly as 
possible afi«r the addition of milk of lime, and a large 
excess of the latter should be avoided. 

Creatinin forms brilliant prismatic crystals, which dis- 
solve in twelve parts of cold, and in a smaller proportion 
of hot water or of alcohol. The solution is alkaline to 
test-papers, and, even though moderately dilute, yields 
a characteristic crystalline precipitate with solution of 
chloride of zinc, especially on stirring. It combines with 
acids to form crystalline salts. 

Quantitative Determination of Creatinin in Urine, — In 
order to determine the quantity of creatinin in urine, the 
process given above requires some modification. The 
following is the method adopted by Neubauer for the es- 
timation of creatinin in the form of the double compound 
with chloride of zinc. 

About 6000 grs. of urine are rendered slightly alka- 
line with milk of lime, and chloride of calcium is added 
as long as any fresh precipitate is formed. The filtered 
liquid is evaporated nearly to dryness on the water-bath, 
and mixed, while still warm, with about an ounce of 
strong alcohol (95 per cent.) ; the mixture is rinsed into 
a beaker, set aside for four or five hours and filtered, the 
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residue upon the filter being washed with alcohol. The 
filtrate and washings are evaporated to about one and a 
half ounce, and mixed with a small quantity of a very 
strong alcoholic solution of chloride of zinc. After being 
briskly stirred, the mixture is set aside for three or four 
days, when the crystalline compound of creatinin with 
chloride of zinc may be collected on a weighed filter, 
washed with alcohol, and dried at 212°. From the 
weight of the precipitate, that of the creatinin may be 
found by the proportion : ~ 



nnd chloride of ni 



eight of prpcipitale ; 



SECTION VI. 



Vesical Mucm and EpUhdial Saaks. 

31. The small traces of mucus and epithelial debris, 
which are always present in urine, ana which do not 
generally amount to more than from 0.1 to 0.3, in 1000 
parts of the healthy secretion, are derived from the in- 
ternal surface of the bladder and urinary passages. The 
quantity is so small as to lie scarcely visible in healthy 
urine, until after standing a short time, it has subsided, 
in the form of a thin cloud, to the bottom of the liquid. 
It may be separated by jrasaing 
the urine through a filter, on 
the sides of which it will be 
deposited in the form of a 
shining pellicle. 

32. When examined un- 
der tlie microscope, mucus is 
foimd to winaist of minute 
granular t^rpuBcles (Fig. 5, a) 
floating in the fluid, which are 
colorless, or nearly so, more 
or less round, and frequently 
oval iu sha(«;, and usually ac- 
companied by epithelial scales. 
The mucus-corpuscles dissolve when treated with strong 
nitric and acetic acids, ibrming a solution from which, attet' 



I 
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boiling, ferrocyanidc of potasflium throws down a white 
precipitate. 

33. When treated with dihite acetic acid {HO, C^IT^OX 
these corpuflcleH become more transparent, lose their 
granular appearance, and show in the interior one or 
more distinct nuclei (6()2). The corpuscles are unaffected, 
or nearly so, by the dilute mineral acids, but readily dis- 
solve in a solution of {K)tash. For the further characters 
of mucus, see paragraphs 99, 153, 210, 247, 660, Ac. 

34. The epithelial scaikis found in the urine, associated 
with mucus, and derived from the epithelial covering of 
the organs through wliich the secretion has passed, are 
usually more or less torn and broken (Fig. 5), but are 
occasionally met with uninjured, when they have the 
appearance shown at 6 in the figure. 

SECTION VII. 
Extractive Matter. 

35. The tc^rm extractive matter is usually applied to 
those organi(; (X)nstituents of animal fluids, the nature of 
which cunnot be exa(;tly defincHl, and its use therefore 
becomes more restricteel in ])roportion as analysis ad- 
vance's. Thus, within the last few years, the analyses 
of urine have disclosed, among the extra<itive matters, 
minute proportions of two sul)stan(X}s, which are also 
found hi the juice of muscular flesh, viz., creatin (Ogll, 
NjO^), and creatinin (CuH^NjO,), us well *as a little 
grai)e-sugar.* The pe(!uliar yellow coloring matter of 
the urine is also included under the head of extnuitive 
matters, together with minute (quantities of fatty acids. 

36. In statnig the results of an analysis of urine, it is 
usual to distinguish betwcKui the aholiolio extnwtive mat- 
ters, which are soluble in alcohol, and the watery extrao- 
tive, which will dissolve only in water. The fornuT avc^r- 
ages about twelve parts in 1000 of normal urine, whilst 
the wat(^ry extmct amounts to only two or threes parts. 

* Dr. Bonce .Ton(»H (Quart. Jour. (Jhcin. Soc, April, 1801) hm 
obtuinod hh much ha two grninH of grapo-Hugar from forty oum-nH 
of htmlthy urino. 
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The null nature of tluwe mattcra is Htill very imperfectly 
.lUMlcrHtxKxl ; and until w(i shall have obtained further 
iuHi^ht into thvm and thoir (K)nncction M^ith the animal 
functions, the student may consider them an so much un- 
(h^fined matt^ir cx^Tct^nl from the body ; without waiting 
to in([uiro wluither lactic nciil and other com|K)undS; the 
|)r(!S(MH!(^ of whic^h may at present l)e (Hmsidered as uncer- 
tain, are or are not (umtaiiUKl in it. 

(hlorluf/ MMath ohtmned from f/nrwJ.— The yellow 
coloring matter of urine is charactc^rized by the purple 
color whi(^h it jijives wiuni heatcnl with wmcjentrated hydro- 
ch lories a(!i(l. A peculiar red (iolorinjj^ matter containing 
iron, and. v(;ry similar in its (character to the o-oloring mat- 
ter of the blood, has been extnwtol from urine^ by the 
folloSvinjjj pro(Hiss : The urine wtw (»vai)orated to a syrup, 
and tnuitcKl with al(M)hol ; tli(». al(H)holic solution boiled, 
and p:radually mixed with milk of lime, until it was de- 
(H)lorized, Tlie pre(5ipitate containinjij the coloring matter 
in combination with lime wjis filtered off and washed 
su(icessiv(*ly with water and ether ; it was then dritnl and 
treat<Ml with a mixture of hydro(!hloric acid and alcohol, 
by which the coloring matter was dissolved. By shaking 
the alcoholics solution with an ecpial volume of ether during 
scvcml days, th(^ (coloring matter was obtained in ethereal 
solution, and after wasliing the latter with water, and 
evaporating, was left as a (lark red mass, consisting of 
the urolumuitin ac^companied by a n^sinous substance. 

S(sv(^nil o!)servers have recorded the occjisional presence 
of a !)lue (coloring matter in urine, as well as the existence, 
in other <uiso^, of some substimcc whi<?h gavci rise to the 
8(sparation of an insoluble blue matt(»r, when the urine 
wiis mix(Hl with sulphuric or liydnM^hloric acid and al- 
lowed! to stand. Dr. Ilassall showcul that this substance 
(H)rresponded, in its propertic^s, to ordinaiT indigo-blue, 
and the morerecxMitexperimentsof S(shunck havedemon- 
stnited the (»xisten(se in most s|H»(sim(>ns oi' healthy urine 
of a sul)stan(H^ possibly id(»ntic4d with the indicnn existing 
in wood, which is resolved, by the acticm of strong ac^ids. 



* Harloy, Journ. Pr. Chom., xHv, 204. 
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into sugar and indigo-blue (CjgHgNOA* Indigo was 
obtained from most of the 8amj)le8 of healthy urine by 
the following process : Sixteen ounces of urine are mixed 
with tribasio acetate of lead in excess, and filtered. The 
filtered liquid is mixed with an excess of ammonia, the 
precipitate collected and decomposed with cold dilute 
sulphuric acid. The solution is again filtered and set 
aside, when it deposits a blue precipitate. If this be fil- 
tered off, washed with a little caustic soda, and then with 
boiling alcohol, the latter dissolves a purple-red coloring 
matter, which resembles the so-called purpurin, and 
leaves indigo-blue undissolved, which may be recognized 
by its evolving violet vapors, cc^densable to coppery 
HcalcB, on heating, and by its dissolving, with a blue (H)lor, 
in concentrated sulphuric acid.' 

The odor of urine is mused by minute quantities of 
certain volatile acids, among which phenylio or oarbolio 
acid (CigHgOj) only is well known. 

SECTION VIII. 
Ammmiidoal Salts, 

37. In perfectly fresh urine these are present in very 
small quantity. The urate of ammonia, which has been 
already noticed (19), appears to be one form in whicjh the 
uric acid present in the urine is held in solution, sin(3e 
the free mnd requires for its Holution a larger proportion 
of water than the secretion uHually contains. 

38. The presence of ammonia in urine is best shown 
by adding a little caustic baryta (BaO,HO)^ to the resi- 



* BamfSlei of urlno in which no Bugar could bo detected by the cop- 
per-teit, when heiitod with sulphuric or hydrochloric Hcid,denoHited 
Drown flHJceti, and the filtered liquid gave decided indications of 
sugar. The brown precipitate had the name composition as anthra- 
nillc acid (O.^H^NO^), which is a product of the docomposltion of 
indigo-blue ; It dissolves in boiling alcohol, with a fine purple color. 

* Heller calls the yellow coloring uuittcr of the urine urowanf/thi, 
terming the red substance derived from \i urrhudin^ and tim blim 
uroglancin. 

* Baryta is Ijere to be used in prefertjuce to potanh, since tho 
latter would cauxe the evolution of ainnionia by its a(!ti(»n upon the 
urea, which, in presence of the alkalies, lsconv(»rted intocurbonntH 
of ammonia (U). 

4 
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due left alter evaporating the liquid nearly to dryness at 
a gentle heat, when the odor of ammonia will be percep- 
tible, and a rod moistened with dilute hydrochloric acid, 
held over it, will give rise to the characteristic white 
fumes of hydrochlorate of ammonia. The proportion of 
ammonia contained in healthy urine appears to be very , 
email : in some forms of disease, however, especially in 
certain kinds of fever, the quantity is found to increase 
considerably. Xeubauer found, in the case of one peraon 
in health, about thirteen grains of ammoiiia in the exac- 
tion of twenty-four hours. In another case, about eight 
grains. 

SECTION IX. 
Ficed Alkaline Salts. 

39. In order to obtain the fixed salts present in the 
urine, about eight ounces should be evaporated to dirness 
in a porcelain dish, in 
^"'' *- which the residue is after- 

o t. Jjv .^ ^ j. ■" 3 „ wards heated as long as 

'^^S^^r' °^ '■,''' r^ S-^^'^'/x ^^y fumes escape; the re- 
^T? //r-rri.v *?■ 5 15' ' ^ suiting carbonaceous mass 
is powdered and intro- 
duced in small portions 
into a porcelain crucible 
heated to a very low red- 
^'^©^d* ■"a^"/ t^'' ness.' In this way the 
"-"■'^.V-,^^'*'^* carbon will be gradually 
" <^ fi^.;-^ burnt oflr, and a gray or 

Evaporated KealJue of He.lthy Urine. ^hite ash left. Consisting 

of a mixture of the alka- 
line and earthy p.a1ts; the former may then be separated 
from the latter by dissolving in water, in which the earthy 
salts are insoluble (43). The composition of this ash, how- 
ever, will not exactly represent tnat of the inorganic por- 
tions of the urine, on account of the chemical changes 
induced among its constituents during incineration. 

' At a liigher temperature, partial fusion might take place, ren- 
dering complete incineration impoaaible ; some of tho alkaline 
chlorides might also be lost. 
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40; The alkaline salts, which in the healthy Bocretion 
usually amount to from ten to twelve parts in 1000, con- 
sist or the sulphates of potash and soda (KOfSO^) and 
(NaOfSO^), chloride of sodium (NaCl), chloride of potas- 
sium {KCcjf and j)hosphate of soda {2NaO,HO,PO^+ 
24-45). ^^'^^ crystalline residue left after slowly evajm- 
rating a few drops on a piece of glass, usually has the 
appearence represented in Fig. 6. The crosslets (a) con- 
sist of chloride of Hodiura, and the more plumose crystals 
(6) are probably phosnhate of soda. 

41 . The presence ot thcHc several salts may be shown 
by adding to the aqueous solution of the ash the follow- 
ing testn: 

(a) Nitrate, of tnlver {AgO,NO^) throws down a whitish 
precipitate, consisting of a mixture of chloride (AgCl) 
and phosphate (3AgO,lH)g) of silver. These may be 
separated from mch other by warming the precipitate 
with a little nitric acid, when the phosphate will dis- 
solve, leaving the insoluble ohloridk, which^ may then 
be tested with ammonia, in which it is readily soluble. 

(6) The acid solution separated from the chloride (a) 
must now be cautiously neutralized with ammonia, which 
will throw down a pale yellow precipitate of phosphate 
(3AgO,POg), which may be again dissolved by adding 
a slight excess of nitric acid. 

(c) Chloride of barium ( Ba CI), or nitrate of baryta [Jia O, 
iVOfl), throws down a white precipitate of suljihut^i of 
baryta (BaO,8C)3), mixed with phosphate of baryta (2 I^aO, 
H(J,POfl); which latter may be separated by dilute hy- 
dro(5hloric acid, which leaves the sulphate undissolved, 
proving the presence of hulphukkj A(jid. If the acid 
solution of the phosphate be neutralized with ammonia, 
the phosphate of baryta is again {)rccipitated. 

In oraer conclusively to prove the presence of phos- 
phoric acid, another portion of the aqueous solution of 
the ash should be acidified slightly with acetic- acid, mid 
a drop of iKirchloride of iron (Fc/M.,) addc^l, whi(^h will 
cause a yellowish-white pre(5ipitat(i of piu'phoHpluitc of 
iron (FeA,PO,). 

(d) The absence of all bases except th(i iilkalics, may 
be proved by testing the solution with hy(lr(wuli)luite of 
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ammonia {NS^S,IIS), and carbonate of soda {NaO^CO^), 
neither of which will be found to cause any precipitate. 

(e) Potash may be shown to be present by adding to 
a little of the strong solution about an equal quantity of 
bichloride of platinum {^C^), which will cause a yellow 
precipitate of the double chloride of platinum and potas- 
sium (KCl,PtClj); and another portion may be stirred 
on a slip of glass with solution of tartaric acid, which 
will throw down a white crystalline precipitate of the 
bitartrate (KO,HO,CgH,0,„). 

(/} Soda may be identified by dipping a clean plati- 
num wire into the solution, and heating it in the blow- 
pipe flame, which will be tinged golden yellow. 

42, It is difficult to say in what exact state of combi- 
nation these several bases and acids exist in the urine : 
but it is most probable that each base is divided among 
the several acids, and that a portion of each of the acids 
is combined with some of each of the fixed bases, and 
also of the ammonia (37, 40). 

SECTION X. 
EaHhy Sails. 

43. The earthy salts, which form the insoluble portion 
of the ash, and which usually amount in healthy urine tu 
about one part in 1000, consist of the phosphates of lime 
and magnesia, together with a small trace uf alumina and 

silica. These earthy phosphates, 
wh ch are insoluble in water, ap- 
pear to be retained in solution m 
{heurine by thesmall excess of acid 
tprobably phosphoric) usually pre- 
sent in the healthy secretion, and 
may be immediately precipitated 
from it by supersaturating with 
ammonia. The precipitate thus 
f rmcd consists of a mixture of 

M led Phosphu e 1 II08PIIATE OF HSIE (3CaO,PO), 

and the dolbi.k phosphate op 
AHHONiA and MAGNESIA (2MgO,NHj<>,POj+12Aq), 
wUichisalsocalled TRIPLE PHOSPHATE. If this precipi- 
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tate be examined under the micpoacope, it will generally 
be found to consist of minute crystals of the triple pbos- 

f>hate, mixed witb amorphous particles of phosphate of 
ime (Fig, 7), Collect the precipitate upon a filter, wash 
it several times with wat«r, and drop a little nitrate of 
silver upon it. The formation of the bright yellow 
phosphate of silver (3AgO,PO(), will indicate the pres- 
ence of phosphoric acid. 

44. The crystalline form of the triple phosphate, as 
well as its chemical composition, depends upon ttie quan- 
tity of ammonia present in the liquid during its forma- 
tion. When the urine is cautiously neutralized with the 
alkali, the crystals are prismatic (Fig. 8), and in a few 
rare cases, penniform' (Fig. 9), and appear to consist of 




^.*- 



;^ 



rriuuBtic UrysUlu of Triple Phosphate, renniforni Crysmri of Triple 



(Mg0,NH^,O,HO,P05) i while, if a decided excess of am- 
monia be added, the crystals are starlike and foliaceoiis, 
as shown in Fig. 10, and then consist of (2MgO,NHjO, 
POg-l-12Aq). when the urine gradually becomes alka- 
line, owing to the spontaneous formation of ammonia 
from the urea (11), the triple phosphate is [»recipit!ittKl 
in the.prismatic form, crystals of which are always to he 
detected in stale urine. 

46. Both varieties of triple i»lioKphate will l)c found 
to develop beautiful colors when examined with piiliiiint'il 

light. 



' AccordiB^ to Dr. Hiifsall, these consiBt of phosphnto of !i 
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46. The presence of phosphoric acid, in combination 
with lime and magnesia, together with a trace of silica, 
in the insoluble portion of the ash, may be shown by 



Fig. 10. 




stellate Crystals of Triple Phospliate. 

digesting a considerable quantity of the latter in dilute 
hydrochloric acid, and filtering the solution from the in- 
soluble residue. This insoluble portion,^ the amount of 
which is usually very small, may then be washed, and 
tested for silica, by fusion before the blowpipe with 
carbonate of soda, with which it will form, when pure, 
a clear, colorless bead {Prac, Chem., 138). 

47. The acid solution of the phosphates, filtered from 
the silica, may then be divided into two portions, and 
tested as follows : 

(a) Add ammonia in slight excess, redissolve the pre- 
cipitate by adding acetic acid, and add a few drops of 
perch loride of iron ; the yellowish-white precipitate (Fe.^ 
OgjPOg) indicates the phosphoric acid. 

(6) To the same portion add about twice its volume of 
water, and boil for a few seconds to precipitate the whole 
of the phosphate of iron ; filter, and add oxalate of am- 
monia, which will precipitate the lime as oxalate (CaO, 

CA)- 

(c) The mixture (b) is boiled, and filtered from the 
oxalate of lime ; after which the clear solution is well 
stirred with a decided excess of ammonia, which will in 
a short time cause a deposition of the crystalline double 



* This residue cj(»nerally contains carbon, wliich should bo burnt 
off upon platinum-tbil. 



EARTHY SALTS. 47 

phosphate of ammonia and magnesia, thus proving the 
presence of the hitter base. 

48. The same experiments (a, b, and c) may also be 
made upon the phosphates which are thrown down by 
the addition of ammonia to fresh urine. 

49. The earthy phosphates may also be distinguished 
by the following peculiarities, which mayJDC readily seen 
either with or without the assistance of the microscope : 

(a) When present in excess they may frequently be 
precipitated from the urine in an amorphous form by 
boiling, thus behaving like albumen (139V The phos- 

t)hatic deposit may be readily distinguisned from the 
atter, by being soluble in a few drops of nitric acid, and 
in not being reprecipitated by any excess of that reagent 
(140). 

(6) The earthy phosphates are readily soluble, without 
effervescence, in dilute acids, such as the hydrochloric, 
nitric, and acetic; and are reprecipitated by neutralizing 
the acid solution with ammonia ; that of lime being amor- 
phous, and the triple phosphate, in crystalline form, 
either prismatic or stellate (43). 

(c) They are insoluble in a solution of potash. The 
triple phosphate, when warmed with an excess of the 
alkali, gives off ammoniacal fumes, which may be detected 
by the smell, and by the white cloud formed when a rod 
moistened with dilute hydrochloric acid is held at the 
mouth of the tube. 2MgO,NH,O,PO,+2(i^0,i/0) = 
2(MgO,HO) +3NH4-2ii:0,i/0,PO,. 

(d) When heated before the blowpipe, phosphate of 
lime experiences little or no change, unless the heat be 
very intense, and continued for a long time, when it 
sometimes partially fuses. The triple phosphate, when 
heated, gives off ammonia and water ; and the residual 
phosphate of magnesia (2MgO,P05) fuses considerably 
more readily than the phosphate of lime. When the 
two phosphates are mixed in about equal proportion, 
they resemble in composition the fusible calculus, and 
fuse with extreme facility before the blowpipe (392). 
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^ CHAPTER II. 

aTJANTITATIVE ANALYSIS OF HEALTHY TJBINE. 

50. Counterpoise or weigh two Berlin porcelain 
evaporating basins, which for the sake of distinction, may 
be marked A and B, each capable of holding about four 
ounces of water ; and retain the counterpoises, marking 
them in order to avoid confusion. Then weigh into each 
of the basins, 1000 grains of urine, and allow them to 
evaporate first on the water-bath, and afterwards in a hot 
water oven, or chloride of calcium bath,^ until they cease 
to lose weight when weighed at intervals of an hour or 
two. While the evaporation is going on, the experiments 
described in paragraphs 59, 66, &c., may be proceeded 
with. The specific gravity also may be determined (278), 
and the action of the urine on test-paper ascertained (277). 
Then accurately weigh them, and if the weights of both 
residues agree with each other, the loss experienced dur- 
ing evaporation will represent the quantity of water con- 
tained in the urine. If the weights do not agree, it is 
probable that desiccation of at least one of the portions 
has been incomplete ; in which case it is better to con- 
tinue the heat a short time longer, until the results agree 
more closely. 

51. The residue A may be first examined, retaining B 
for subsequent examination (62). " 

52. Warm the residue A with half an ounce or an 
ounce of alcohol of specific gravity about .833, stirring 
the mixture occasionally with a glass rod. Pour off the 
solution into another basin, and again warm the residue 
with a little more alcohol, fresh portions of which must 
be added until it ceases to dissolve anything more. 



» Pract. Chem., pp. 201, 212. 
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Whether this is the case, may be known by evaporating 
a drop of the clear liquid on platinum-foil or a slip of 
glass, when, if anything has been dissolved, it will be left 
behind as a residue. The alcoholic solution, which will 
contain the whole of the urea, contaminated with extrac- 
tive matter and other impurities, is now to be evaporated 
to dryness on a water-bath, retaining the residue which 
proved insoluble in the alcohol for subsequent examina- 
tion (57). 

53. The residue, containing the urea, left after evapo- 
rating the alcoholic solution (52), is now to be dissolved 
in as small a quantity as possible of lukewarm water, and 
mixed with pounded oxalic acid (HO,C203+2Aq), which 
may be added as long as the liquid, heated to about 190° 
or 200°, continues to dissolve it (14). The urea is thus 
converted into the oxalate [Q^HjUf^O^yHOyC^O^y which, 
as the solution cools, crystallizes out, mixed with some 
of the excess of oxalic acid employed, together with ex- 
tractive matters and other impurities, which give the 
crystals a more or less intense brown color. The crystals 
are to be washed in the basin with a very small quantity 
of cold distilled water, which may be poured off, and 
fresh water added to the crystals as long as it continues 
to become decidedly colored ; by which means most of 
the soluble salts and other foreign matters are removed. 

54. The washings are now to be concentrated to a small 
bulk by evaporation on a water-bath, and left to cool, 
when a fresh crop of crystals will gradually separate. 
Care must be taken that an excess of oxalic acid is pres- 
CHt in the liquid separated from the crystals, which may 
be known by its reddening litmus-paper ; if this is found 
on trial not to be the case, a little more of the pounded 
oxalic acid must be added to the solution, as otherwise, 
some of the urea, which, when uncombined, is very solu- 
ble in water, might escape separation. 

55. When the whole of the oxalate of urea has been 
separated by successive crystallization from the liquid, 
it must be gently pressed between folds of filtering-paper, 
and dissolved in warm water ; after which the solution 
is to be digested for a few hours, at a temperature of 
about 100^, with pounded earboiiate of lime, stirring the 

5 
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mixture from time to time with a glass rod, as long as 
any effervescence is produced. The oxalate is thus de- 
composed in the following manner : 

Oxalate of urea. Oxalate of lime. 



C^H^Nfi^,HO,Cfi^ + CaOjCOj = CaOjCjOj + CO, + HO 

Urea. 



56. The urea, which being soluble remains in solution, 
is to be separated by filtration from the insoluble oxalate 
and carbonate of lime, and carefully evaporated to dry- 
ness either on a water-bath or in vacuo over sulphuric 
acid. Its weight will then represent the proportion of 
UREA in 1000 grains of the specimen of urine under 
examination.^ 

57. The portion of the residue which proved insoluble 
in the alcohol (52), containing the uric acid, vesical mu- 
cus, the extractive matter soluble in water, but insoluble 
in alcohol, the earthy salts, and most of the other saline 
matter, is now to be well stirred with successive small 
portions of warm water, which leaves undissolved the 
uric acid, mucus, and earthy salts. The insoluble matter 
is to be collected upon a filter, which has previously been 
dried and weighed, and then carefully dried on a water- 
bath, or in a hot-water oven, and weighed. The weight 
having been noted, the dry residue is to be ignited toge- 
ther with the filter in a crucible, until the incombustible 
ash becomes white, or very nearly so ; when the crucible 
with its contents is to be again weighed. The difference 
between this weight and that of the dry residue previous 
to ignition, gives the amount of combustible matter, con- 
sisting of URIC ACID and vesical mucus ; while that of 
the ash represents the earthy phosphates and silica. 

58. The portion of urine A will now have given as 
the weight of — 1. The water; 2. Urea; 3. Uric acid and 
vesical mucus ; and 4. Earthy phosphates and silica. 

59. For the purpose of ascertaining the respective 
weights of the uric acid and vesical mucus, 2000 grains 

^ The exact determination of the amount of urea in urine must be 
effe^te^l^anJndirectiQe^hod, whu^J^ill b^ subsequently described. 
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of the fresh urine may be concentrated by evaporation 
to about half its bulk, and mixed with twenty or thirty 
drops of hydrochloric acid.^ In the course of twenty- 
four hours, the whole of the uric acid will have been set 
free by the hydrochloric acid, and being insoluble (22), 
will be deposited in the form of minute crystals on the 
sides and bottom of the glass. These are to be collected 
on a weighed filter, and, after being washed with a little 
alcohol, dried in a hot-water oven or on a water-bath. 
The weight of this acid, divided by two (since it is derived 
from 2000 grains of urine), will represent the uric acid 
contained in 1000 grains of the secretion ; and having 
already determined the quantity of uric acid and vesical 
MUCUS together (57), the weight of the latter is known 
by deducting from the combined weights that of the uric 
acid. 

60. The proportion of uric acid and mucus may also be 
determined by evaporating to dryness 1000 grains of the 
urine previously filtered from the mucus, and washing 
the residue first with dilute hydrochloric acid (containing 
one part of acid to eight or ten of water), and afterwards 
with a little alcohol. We thus dissolve out everything 
but the uric acid, which, after being washed with cold 
water, may be dried and weighed. 

61. If it is required to determine the respective pro- 
portions of earthy phosphates and silica in the residue of 
earthy salts (57) — which, however, is seldom necessary, 
since the quantity of silica is always very small — it may 
be done in the following manner : Moisten the residue* 
with hydrochloric acid, and evaporate to dryness ; then 
digest it with the aid of a gentle heat, in dilute hydro- 
chloric acid, which will dissolve out the phosphates, leav- 
ing the SILICA perfectly insoluble. The weight of the 
latter is then ascertained, and deducted from the gross 
weight of the earthy salts (57), when the difference will 
represent that of the earthy phosphates ; or tlie phos- 
phates may be precipitated from the hydrochloric acid 

* In general, the uric acid may be determined in the urine with- 
out previous concentration, if it be acidulated and set aside for 
twenty-four hours. 



^ 
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solution by supersaturating it with ammonia, filtered, 
ignited, and weighed. 

62. We have now to operate upon the residue leflb after 
the evaporation of the second portion of urine marked B 

50), for the purpose of determining the weight of — 1. 
he animal extractive and ammoniacal salts ; and 2. The 
fixed alkaline salts. 

63. The dry residue, aflter being accurately weighed, is 
to be incinerated (39) in a platinum or porcelain crucible, 
until the whole of the blackness (carbon) has disappeared, 
after which the weight of the ash is to be noted.^ The 
loss experienced during ignition being due to the com- 
bustion of the organic matters and the volatalization of 
the ammoniacal salts, and as we have already ascertain- 
ed the weight of the urea, uric acid, and vesical mucus, 
we have only to deduct from the whole amount of loss 
the combined weights of those three substances, in order 
to determine the quantity of the animal extractive 

AND AMMONIACAL SALTS. 

64. The ash obtained by ignition contains the whole 
of the inorganic matter, or, in other words, the fixed al- 
kaline and earthy salts contained in the urine. By de- 
ducting from this the weight of the earthy salts already 
determined (57), we obtain the proportion of fixed 

ALKALINE SALTS. 

65. We shall thus have determined the proportion of 
the 

Water, 

Urea, 

Uric acid, 

Vesical mucue. 

Animal extractive and ammoniacal salts. 

Fixed alkaline salts, 

Earthy phosphates. 

Silica, 

which, when added together, ought to make up a fraction 
less than 1000 grains, some slight loss being unavoidable 
during the course of the analysis. 

* If an exact determination of the amount of ash be required, the 
dry residue must he carbonized by a low heat until no more fumes 
are evolved, the soluble salts thoroupjhly extracted from it by boil- 
ing water, and their weight determined by evaporating the filtered 
liquid. The coal containing the insoluble salts is then dried and 
burnt, at a higher temperature, to a white ash. 
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QuantUatlve DetcnnxTUttion of Ammonia. 

65a. Pla(ie about an ounce of filtercsd urine in a 
shallow flat evaporatinjij dish, unon whi(5h Ih supported, 
by means of a triangle made of bent glass rod, a smaller 
flat dish containing half an ounce of dilute sulphuric 
acid, which is known to bo exactly neutralized by a cer- 
tain amount of a standard solution of soda. Add to the 
urine about half its volume of milk of lime, cover the 
whole with a bell glass, and allow it to stand for fortv- 
eight hours. The ammonia which is set free by the 
lime will be absorbed by the Hulphuric acid, and it only 
remains to ascertain how much of the latter has been 
neutralized by the ammonia, which is easily done by 
means of the solution of soda above referred to. Every 
forty grains of sulphuric acid (SO.) neutralized will rep- 
resent seventeen grains of ammonia (NH.).* Dark-col- 
ored urine, which easily putrefies, must be precipitated 
with a mixture of acetate and tribasic acetate of lead, 
and filtered before determining the ammonia. 

Quantitative Determination of tlie Inorganic Salta. 

66. For the sake of practice in analysis, it will be 
well for the student to determine the proportions of the 
several basis and acids contained in the ash obtained in 
(39) and (63), but for purposes of diagnosis, it is more 
convenient to estimate the alkaline and earthy phos- 
phates, the sulphuric acid, and the chlorine in the origi- 
nal urine; ana this is the more necessary beciiuse the 
comnosition of the ash of any given sample of urine is 
liable to variation, according to the temperature at which 
the incineration was conducted. 

67. For the quantitative analysis of the ash, about 
sixty grains will be required, which would be furnished 
by about 6000 grains (ten fluid ounces) of urine tnuitod 
according to the directions given in (39). The ash 
should be thoroughly mixed together in a dry mortar 
whilst still warm, and transferred to a stopp(»r(Ml bottler 

68. Determination of Limey Maf/nemHf and J^hoHphorm 

* This procoM was dovlsed by Neubauor. 
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Add. — Heat 20 grains of the awh with dilute hydrochloric 
acid for a few nuniitos, and filter the Hohition from the 
undissolved residui^ ((uirhon and silica), taking care to 
wash the latter as long as the washings are luiid. Mix 
the filtered solution with ammonia in excess, stir it well, 
and allow it to stand for some time (if possible, for twelve 
hours). 'Collect the prcK;i[)itate of phosphate of lime 
(SCaOjPOg) and j)hosj)hate of magnesia and ammonia 
(2MgO,NH/),P()5) upon a filter; wash it with ammo- 
niacal water iis long as the washings leave aiiy consider- 
able residue, when evaporate upon a slip of glasu and 
save the filtrate and washings for further examinaticm (72). 
69. Determination of Lime. — Dissolve the precipitate 
off the filter with a little warm a(^etic acid, taking care 
to wash the filter, and mix the solution with oxalate of 
ammonia. Allow it to stand for some time, that the 
oxalate of lime (CaOjCgO,) may separate; collect it upon 
a filter, wash it till the washings leave no residue on 
evaporation, dry, and ignite, together with the filter, in 
a weighed crucible, when the oxalate will be converted 
into carbonate of lime ((^aOjCOg). Moisten the ignited 
precipitate with a little carbonate of ammonia, to c<m- 
vert any caustic lime into carbonate; dry at a n)«)dcrate 
heat, and weigh. The amount of lime may then Iw 
calculated by the proportion : 

Ate. wt. of carb. Ate. wt. of Wt. of curb, of limn Wt. of Hmfl In 

linitt. limu. obtained. 20 grt. of Mb. 



60 : 28 



a : X 



70. Determination of Mac/nema. — ^The filtrate and 
washings from the [)recipit4ite of oxalate of lime (69) 
are con(;entrated by evaporation, mixed with exoxiss of 
ammonia, widl stirred an«l H(»t aside f«)r twelve hours. The 
precipitate of ph()Hi)hat(i of magnc^sia and ammonia is 
cx)lle(?tod upon a filttir, wasluul with arnmoniacal water, 
dried, ignited, and weighed. Hin(H» it is converted by ig- 
nition into pyr()[)hosplmte of magnesia (2 Mg(),P( ) J, the 
amount of magnesia will be calculated by the proportion : 

Ale. wt. of Aet. wt. of Wt. 2.Mk(),1'(), Wt. of iiiaKniniit In 

2MkO,P(V 2MkO. obtttinod. 20KrN. ofaiib. 

I1T4 : 4o74 : : a : Z 
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By deducting the weight of the magnesia from the 
total weight of the precipitate, we obtain the amount of 
phosphoric acid which was in combination with magnesia 
in the twenty grains of ash employed. 

71. Determination of Phosphoric Add, — In order to 
determine the phosphoric acid which was in combination 
with the lime, the filtrate and washings from the phos- 
phate of magnesia and ammonia (70) may be concen- 
trated by evaporation, and the phosphoric acid precipi- 
tated by adding a mixture of sulphate of magnesia, chlo- 
ride of ammonium, and ammonia, and proceeding with 
the precipitate as in the last experiment, the amount of 
phosphoric acid being calculated by the proportion — 

Ate. wt. of Aic. wt of Wt. of 2Mg0.P0 Wt. of phosphoric acid 
2Mg0,P0». P0«. obtaiaed. in 20 gre. of ash. 



V. 



111.4 : 71 : : a : x 



72. To ascertain the amount of the phosphoric acid 
which was in combination with the alkalies, the filtrate 
and washings from the first precipitate produced by am- 
monia (68) are evaporated to a small bulk, and the phos- 
phoric acid determined precisely as in the last case. 

73. Determinaiion of the Chlorine. — Dissolve twenty 
grains of the ash in a little dilute nitric acid with the 
aid of heat, filter, wash the filter till the washings are no 
longer acid, and mix the filtered solution with nitrate of 
silver as long as it causes a fresh precipitate ; stir the 
solution briskly to favor the separation of the chloride 
of silver, collect the precipitat-e upon a small filter, wash 
it till the washings are no longer rendered turbid by 
hydrochloric acid, dry it, detach every particle from the 
filter, and fuse it carefully in a weighed porcelain cru- 
cible ; burn the filter, allowing the ash to drop into the 
crucible, again ignite till all the carbon has burnt off, 
and weigh.^ From the weight of the chloride of silver 
that of the chlorine is calculated by the proportion — 



1 If the precipitate be too small to be detached from the filter, the 
latter must be burnt with it, and the ash afterwards moistened with 
a few drops of nitric and hydrochloric acid, to convert the reduced 
silver into chloride ; it is then again ignited and weighed. 



56 QUANTITATIVE DETERMINATION 

Ate. wt. of chloride Ate. wt. of Wt. of AgCl Wt of ehlorine in 

of silver. ehlorine. obtained. 20 grs. of ash. 

143.5 : 85.5 : : a : x 

74. Determination of Sulphuric Acid and the Alkalies. 
— Dissolve twenty grains of the ash in hydrochloric acid, 
filter the solution (68) and precipitate with excess of 
chloride of barium ; collect the sulphate of baryta (BaO, 
SO3) upon a (Swedish) filter, wash it with hot water till 
the washings leave no considerable residue when evapo- 
rated, and sa^e the filtrate and washings for further ex- 
amination (75). Dry the sulphate of baryta, empty as 
much of it as possible into a weighed crucible, burn the 
filter so that the ash may fall into the crucible, ignite till 
all the carbon has burnt off, and weigh. The amount 
of sulphuric acid is calculated by the proportion — 

Ate. wt. of Ate. wt. of Wt. of Ba0,S0t Wt. of sulphurie aeid 
BaO^Os. SOg. obtained. in 20 grs. of a^h. 



V , / x , ; V ^ , V. 



116.5 : 40 : : a : x 

75. In the liquid filtered from the sulphate of baryta, 
the potash and soda have now to be determined. For 
this purpose, ammonia in excess, and carbonate of ammo- 
nia must be added, and the solution gently heated. The 
excess of baryta, together with the lime, magnesia, and 
phosphoric acid, are thus precipitated, and must be fil- 
tered off, and washed till the washings leave no consider- 
able residue on evaporation. The filtrate and washings 
are then evaporated to a small bulk, introduced into a 
weighed porcelain or platinum dish, carefully evaporated 
to dryness, and heated to dull redness, as long as any 
fumes (of chloride of ammonium) escape. 

76. The residue after ignition, consisting merely of 
the chlorides of potassium and of sodium, is now to be 
weighed. It is then dissolved in a small quantity of 
water, mixed with a solution of bichloride of platinum, 
and the mixture is evaporated to dryness on a water-bath. 
The residue is treated with successive shiall portions of 
alcohol, which will dissolve out the excesss of the bichlo- 
ride of platinum, together with the chloride of sodium ; 
leaving undissolved the double chloride of platinum and 
potassium (KClyPtClj). The latter is to be dried in a 
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weighed filter, at a temperature of 212°, and weighed. 
From the weight of the double chloride thus obtained, 
we may then calculate that of the potash equivalent to 
it, as follows: 

Ate. wt. of the double Wt. of potash 

chloride of platinum Ate. wt. of Wt. of the double in 20 grn. of 

and potaMium. potash. chloride obtained. the ash. 



244.1 : 47 : : a : x 

77. From the weight of potash thus obtained, we are 
enabled to ascertain how much of the mixed chlorides 
(76) was chloride of potassium ; and the difference be- 
tween the latter and tlie gross weight will of course rep- 
resent the quantity of chloride of sodium. The weignt 
of chloride of potassium equivalent to the potash is for 
this purpose calculated as follows : 

Ate. wtlof Ate. wt. of chlo- Wt. ofpot- Wt. of chloride of potassium con- 
potash, ride of potassium, ash obtained. taiued in the mixed chlorides. 



V -V- • ' — ■ ' '■— — V ■ — y 

47 : 74.6 : : a : x 

78. The weight of chloride of potassium thus calculated 
is then deducted from the weignt of the mixed chlorides 
(76), and the difference will represent the weight of chlo- 
ride of sodium; thus: 

Weight of mixed chlorides, .... 
Deduct weight of chloride of pota8»ium, . * 

Weight of chloride of sodium, 



79. The whole of the soda, however, does not exist in 
the urine as chloride of sodium, a portion of it being in 
combination with phosphoric, and, perhaps, also with 
some of the other acids present. We have, therefore, to 
calculate from the quantity of chlorine obtained in a for- 
mer experiment (73) how much of the chloride of sodium 
obtained in paragraph 78 existed as such in the urine. 
This is done as follows: 

Ate. wt. of Ato. wt. of chlo- Wt. of chlorine in Wt. of chloride of 8o<lIum 
chlorine. ride of sodium. 20 f;rs. of ash. in 2U kth. of aHh. 



85.5 : 58.5 : : a : x 

80. The quantity of CHLOHIDE OF HODiUM thus (cal- 
culated is deducted from the whole weight of (jhloride of 
sodium previously obtained (78), and the diffcrciuic will 
represent the amount of chloride of sodium equivalent to 



58 



QUANTITATIVB DBTERMINATION 



the SODA, which in the urine was*oombined with phos- 
phoric or other acids; thus: ^- * ^ 



Ate. wt. of chlo- 
ride of sodium. 

V , ' 

68.5 



Ate. wt. of 
soda. 

^ , ' 

81 : 



Difference between 

the two amounts of Soda existing m such 

chloride of sodium. in 20 grs. of the ash. 



— V— 

a 



Quantity of " 




Wt. of each con- " 




Wt. of that 


inorganic 




stituent ob- 




constituent 


matter in 


■ : : - 


tained from 20 


- : ■ 


contained 


1000 grs. 




grs. of the ash. 




in 1000 grs. 


of urine. 




k ^ 




of urine. 



81. All the qualities obtained in the foregoing experi- 
ments (68 to 80), represent the amounts of the several 
saline ingredients contained in twenty grains of the ash; 
as, however, the organic ingredients were estimated as 
contained in 1000 grains of urine (65), the proportion of 
the inorganic constituents should also be reduced to the 
same scale. This may be done in the case of each con- 
stituent by the following calculation : 



20: 



82. Determination of the Alkaline and Earthy Phoa- 
phateSy the Sulphuric Add, and the Chlorine in the origi- 
nal Urine. — Although it would be very difficult to de- 
termine these constituents in the original urine with per- 
fect ex2Cctness, it may be effected with sufficient accuracy 
for the purpose of diagnosis, since the results of the anal- 
ysis of each specimen of urine are affected by the same 
sources of error, and may be compared with safety. 

To ascertain the amount of earthy phosphates, 1000 
grains of the urine may be mixed with excess of ammo- 
nia, and set aside for some hours. The precipitate is 
then filtered off^ and washed, as in (68), dried, ignited, 
and weighed. 

The phosphoric acid contained in the solution filtered 
from this precipitate will, of course, be 'the measure of 
the alkaline phosphates present. In order to determine 
its amount, the filtrate and washings are precipitated 
with a mixture of sulphate of magnesia, chloride of am- 
monium, and ammonia, set aside for twelve hours, and 
further treated, as in (71). 

Volumetric Determination of Phosphoric Add in Urine. 
— The phosphoric acid in urine may be determined very 
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eaaily , and, after a little practice, with considerable exact- 
nesH, by aBcertaining the amount of iron required to pre- 
cipitate it aH phoHphate of He«quioxide of iron (Fe^OgrOg) 
from the urine, acidified by acetic acid. 

A solution of Bcnquichlorideof iron of known strength 
is prepared by dissolving twenty -eight grains of clean 
thin iron wire in half an ounce or hydrochloric acid, with 
the aid of heat, and gradually adding one drachm of nitric 
acid ; the solution is evaporated very nearly to dryness 
at a gentle heat, and the residue dissolved in water. If 
the solution is not clear, it is rendered so by adding a 
very little hydrochloric acid, and it is then diluted to 
20(X) grains. 100 grains of this solution correspond to 
1.775 grains of phosphoric acid. 

In order to confirm this, 3.58 grains of pure crystal- 
lized phosphate of soda (2NaO,HO,PO.'f 24Aq) are dis- 
solved in an ounce of water in a small beaker, the solu- 
tion mixed with a little ammonia,^ then with an excess, 
of acetic acid, and the solution of iron added from a 
burette until a trace of iron can be detected in the filtered 
liquid by ferrocyanide of potassium. 

The most ctmvenient mode of filtering a little of the 
fluid consists in employing a small tube about five inches 
long and half an men wide, open at both ends, which 
should be turned over like the rim of a test-tube. Over 
one of these ends a circular piece of filtering-paper is 
tightly bound by a platinum wire, so that its edges may 
overlap about two inches of the tube. The filter-paper 
having been moistened, it is dipped about an inch below 
the surfaxie of the liquid containing the precipitate, when 
a few drops of the clear liquid will enter the tube, and 
may be poured into a test-tube containing a little dilute 
solution of ferrocyanide of potassium. As soon as it is 
found that, on making this experiment, a slight bhie 
tinge is produced, it is known that a sufficient quantity 
of the iron solution has been added. 

The 3.58 grains of phosphate of soda should have 



* This ommoniii iiorvfB to lunitnillze tho hydrodhlorie ncU] whlflj 
ii let freo in iho r»uction, and which would othfu'winn dUHolvn \\w 
phorphttto of Iron : 2NttO,llO,POj^ -f^ Fo/lltt=. Ku/J„,l*0^ ]- 2NuCl 
4" H01> 
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required forty grains of the iron solution for complete 
precipitation. 

In order to determine the phosphoric acid in urine, 
500 or 1000 grains (according to tne state of concentra- 
tion) may be mixed with ammonia in excess, then with 
acetic acid in excess, and afterwards tested with the iron 
solution in the manner just described. From the number 
of grain measures of this solution required to complete 
the precipitation, the amount of phosphoric acid is cal- 
culated by the proportion — 

Grs. of iron Phosphoric 
solution acid. 



100 : 1.775 :: Grs. of solution used. : a? 

If it be desired to determine the amount of phosphoric 
acid existing in combination with lime and magnesia, 
1000 grains of urine may be mixed with ammonia in 
excess, allowed to stand for an hour or two, filtered from 
the precipitated phosphates, the filtered liquid acidified 
with acetic acid, and tested, as before, with the iron solu- 
tion. The difference between the amount of phosphoric 
acid thus obtained and the total quantity in 1000 grains, 
inferred from the former determination, will represent 
the phosphoric acid existing in the forms of earthy phos- 
phates. 

83. For the determination of the sulphuric acid, 500 
grains of the urine are acidified with hydrochloric acid, 
precipitated by chloride of barium and the precipitated 
sulphate of baryta treated as in (74). 

The chlorine may be determined by acidifying 500 
grains of urine with nitric acid, precipitating with nitrate 
of silver, and proceeding as in (73), avoiding as far as 
possible, the reducing effect of light upon the silver-salt 
in the presence of organic matter. 

84. If it be required to compare the acidity of different 
specimens of urine, it may be effected by adding to 1000 
grains of the urine, from a graduated burette, a weak 
solution of carbonate of soda, of known strength, until 
it ceases to redden litmus-paper. Of course the degrees 
of acidity will vary as the quantities of carbonate of soda 
employed. 
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CHAPTER III. 



AYEBAOS COMPOBITIOK OF HEALTHY UBINS. 



85. The following analysis of healthy human urine 
will serve to give some idea of its average composition. 
Although in the amount of the several constituents they 
will be seen to diifer considerably from each other, it 
will be found that these differences are not really quite 
80 great as they at first sight appear, being in a great 
measure owing to variations in the relative proportions 
of water and solid ingredients (1). 



Analysis I. (Bkrzkliub.) 

"Water, 988.00 

Urea, 80.10 

Uric acid, 1.00 

Lactic acid, lactate of ammonia, and ox- 

tractivo matters, 17.14 

Mucus, 0.82 

Hulphato of potash, 8.71 ' 

Sulphate of soda, 8.16 

PhoHphate of soda, '2.94 



Bipho8i)hato of ammonia. 
Chloride of sodium. 
Muriate of ammonia, 
Phosphates of lime and magnesia. 
Silica, ..... 



1.66 
4.46 
1.60 
1.00 
0.08 



1000.00 



FN 

•8 



I 

I 

i 



Analyhih II. (Simon.) 

Specific gravity 1012. 

Water, 966.000 

Urea, 14.678 

Uric acid, 0.710 

Extractive matters and amnioniacal Halts, 12.940 
Chloride of sodium, .... 7.280 
Sulphate of potash, .... 8.508 
Phosphate of soda, .... 2.880 
Phosphates of lime and magnesia, 0.064 

Silica, a trace 

998.01)0 
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Analysis III. (Dr. Miller.) 



Spfcific gravity 1020. 








Water, 


. 956.8000 






Urea, . . . , 


14.2800 ^ 






Uric Acid, . 


0.8700 


29812 ] 




Alcohol extractive. 


12.5270 


Organic 




Water extractive. 


2.5204 


matters. 




Vesical mucuH, . 


0.1660 




48.16 


Chloride of sodium, . 


7.2196 1 




Solid 


Pho8j)horic acid, 


2.1189 




matters 


Sulphuric acid, . 
Lime, . 
MHgnesia, . 


1.7020 

0.2101 

. 0.1198 


1.8849 
' Fixed salts. 


« 


Potash, 


. 1.9260 






Soda, . 


0.0586 J 







999.0628 



Analysis IV. (Marchand.) 



w aier, . . • . 

Uroa, .... 

Uric acid, . 

Lactic acid, . 

Extractive matters, 

Mucus, .... 

Sulphate of potash. 

Phosphate of soda, 

Sulphate of soda, . 

Bipnosphate of ammonia. 

Chloride of sodium, 

Muriate of ammonia, . 

Phosphates of lime and magnesia, 

Lactates, 



938.199 
82.676 1 
1.065 
1.521 
11.151 
0.288 
8.687 
8.056 
8.218 
1.552 
4.218 
1.652 
1.210 
1.618 



66.8 

Solid 

matters. 



1000 000 



Analysis V. (Lehmann.) 



w airOr, • . ■ • • 

Urea, 

Uric acid, .... 
Lactic acid, .... 
Water and alcohol extractives. 
Lactates, .... 
Chlorides of sodium and ammonia. 
Alkaline sulphates. 
Phosphate of soda. 
Phosphates of lime and magnesia. 
Mucus, 



987.682 
81.460 1 
1.021 
1.496 
10.680 
1.897 
8.646 
7.814 
8.765 
1.182 
0.112 



1000.195 



62.818 

Solid 

matters. 
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Analysis VI. (Becqukkel.) 
Showing the Comparative Chmposition of Male and Female Urine, 

Mean composition 

of tho urine of four Ditto of four General 

healthy men. healthy women. mean. 

Specific gravity, . , 1018.9 1016.12 1017.01 

Water, . . 908.816 976.052 971.986 

Solid constituents, 81.186 24.948 28.066 

Urea, . . 18.888 10.806 12.102 

Uric acid, . . 0.801 0.400 0.898 

Other organic matters, 9.261 8.088 8.647 

Fixed salts, . . 7.696 6.148 0.919 

Consisting of — 

Chlorine, 0.602 

Sulphuric acid, 0.855 

Phosphoric acid, 0.817 

Potash, 1.800 

Soda, lime, and magnesia, 8.944 



CHAPTER IV. 

MORBID URINE. 

86. The urine passed during a diseased state of the 
system, is almost invariably more or less altered in its 
composition, and frequently presents physical peculiari- 
ties, as of color, opacity, Ac, which are at once apparent 
on the most cursory examination. The variations which 
are found to occur in the chemical composition of morbid 
urine may be divided into two clases, viz. : 

let. Those in which no abnormal ingredient is present; 
but in which one or more of the normal constituents 
is present either in greater or less proportion than 
is round in healthy urine, or is alto^retner absent. 

2d. Those in which one or more ingredients are pres- 
ent, which are not found in healthy secretion. 

ITds hooh is tho pn- / ' 

COOPER MEDICAI. ( - . ., 

SAN FRANCISCO. C\l. 

and i^i not to he rcDuriYd from flic 
]/!hr(i>i! r,y,n,ii hji any ftvson or 
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I. Urine containing no abnormal ingredient, 

BUT IN WHICH AN EXCESS OR DEFICIENCY OF ONE OB 
MORE OF ITS NORMAL CONSTITUENTS IS PRESENT. 

SECTION I. 
Urine containing Urea in abnormal quantity, 

87. Urine containing an excess of urea, is chiefly 
characterized by its high specific gravity, in which respect 
it resembles that secreted by diabetic patients (116). If 
the urea be present in large excess, it deposits irregular 
rhomboidal crystals of the nitrate (CjH^NgOgjHO^NOg), 
when the urine, either in its natural state, or especially 
when slightly concentrated, is mixed with an equal 
quantity of nitric acid (181). The proportion of urea 
present in the healthy urine passed during the twenty- 
four hours is usually about fourteen or fifteen parts in 
1000 (10); while in disease it often amounts to thirty 
parts, or even more. 

SECTION II. 

Urine containing Uric (or LUhic) Add in abnormal 

quantity, 

88. When urine contains an excess of uric acid, it lias 
usually rather a higher color than the healthy secretion, 
either deep amber or reddish-brown. Its specific gravity 
is seldom much higher than 1020 or 1025, unless an 
excess of urea is also present, which is not unfi'equently 
the case. It generally has a decided acid reaction to 
test-paper ; and if the uric acid is present in any con- 
siderable excess, it is partially deposited as the urine 
cools, in the form of a crystalline sediment, usually of a 
more or less decided red color, and frequently mixed 
with urate of ammonia, mucus, and other matters.^ The 
crystalline forms in which uric acid is found in the urine, 
are represented in paragraph 186. This deposition of 
uric acid is greatly accelerated by the addition of a few 
drops of nitric or hydrochloric acid to the urine (20). 

89. The urine of infants and young children not un- 
frequently deposits lozenge-shaped crystals of nearly 

^Hippuric acid has been known to deposit together with uric acid. 
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pure urio ai^id, oontoininK only a traoe of yollow ooloring 
mattfir. It rarely hepitenn that uHo adu In (lepuHitud in 
thii Holiil Htato proviouH U> ciniiwion, huitiK liuld in niiIu- 
tion in tito wnrni liquid, and ftradually mipamtiiiK in tlio 
fbvm of A sediment, us tli« ttourotimi ouoIh {IHtt). 

DO. The quantity of uric a«i<l, which, in tlio h<>a1tby 
Booretion, U Miildotn more tlmii fi-om 0.3 U* 1.0 in lOOO 
parU, varioH in morbid nrinu from a Moarcsoly por(«[>til>lo 
trau) to upwards of two jHirts in 1000. 

SECTION HI. 

Urine rmitainiiv/ un /iSrofM nf UraU. (or IMluUn) of 
Amvionta. 

01, Urino oontainiuff an oxoefw of umtu of ammonia 
varies very muoli in color and appearunoo, boinK some- 
timwt jwle and of low B|)Ooiflu gravity, but more fro- 
qiieiitly hiKli-oolured, dunNe, 

and turbid. It in moat eom- ctu.!!. 

nionly sliglitly aeid, but is also 

mot with neutral and oven allta' 

line. The urate of ammonia is 

gradually de|)Os{tu() as the urine 

onuls, in the form of an arnor- 

phouH prueipitate, which, with a 

nigh mufjniiy in({ power, a|){iearH 

to flunHiMt of nunuti- roun<lod 

partieles, uciuHionully adherint{ 

together, and forming irregular 

linear niassM {Via, 11) j iVe- 

quently mixixl witli microMco- 

pio orystats of urio ueid; and onoaslonullv, when tlio 

aooretion is nentrul ur at all alkaline, with the earthy 

phosphates (lOU). 

02. Urate of ammonia bus bwn nici with, in a few 
rare eases, in the ibnii of ulobnlur imiMscN of a larf^cr 
size, and piertKKl with spieuliu' crystals, probably of iiru! 
acid {Fig, 12). Like the other vurii'ticM of uniic of iirn- 
monia dejKiHit, it is usually ibund mixed with crywlids of 
urio aoid. 
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93. Urate of ammonia^ constitutes one of the most 
common of the urinary deposits. The color of the sedi- 
ment is found to vary considerably, being 

Fig. 12. j^j^qi ^ith of all shades, from pale fiiwn 

fv color to reddish-purple or pink, the lat- 

6-4 \ "^ ^^ colors being due to the admixture of 

^^ ii^ purpurin, which is very frequently 

i ^^Tvy found associated with the urates (104, 

^JL IK 217). Urate of soda, and traces of the 

V^ ^ urates of lime and magnesia, are not 

Urate of Ammonia." unfrequcntly fouud associated with 

urate of ammonia deposits. 

94. A deposit of urate of ammonia readily dissolves 
when the urine containing it is gently warmed ; and is 
again precipitated as the liquid cools. If, however, as is 
often the case, it contains also an admixture of free uric 
acid or earthy phosphates, the deposits will not wholly 
dissolve on the application of heat, those substances 
being nearly insoluble in hot as in cold water. The 
presence of purpurin (104, 217) usually renders the 
urate less easily soluble when warmed. 

95. When a deposit of urate of ammonia is treated 
with a little dilute hydrochloric or acetic acid, it is 
decomposed ; and minute crystals of uric acid shortly 
appear, which may be readily distinguished under the 
microscope (194). 

SECTION IV. 
Urine containing Urate {or Lithate) of Soda. 

96. The acid urate of soda (NaO,HO,CioH2Npj is 
also a frequent sediment in the urine, particularly in the 
urine of patients taking medicinally the carbonate or 
other salts of soda. It may generally be rccx)gnized with- 
out difficulty under the microscope, usually forming mi- 

^ Tho amorphous deposit formerly described and figured as urate 
of ammonia has been proved by Dr. Bence Jones to consist of dif- 
ferent acid urates, among which acid urate of potash occasionally 
predominates. On washing it with cold water, crystalline uric acid 
separates, although none could be perceived in the unwashed do- 
posit. 

« See note to (93). 
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nute globular and sometimes granulated aggregations, 
with occanionally irregular and curved 
protuberances, as shown in Fig. 13.* ^'®- ^^• 

97. It resembles the urate of ammonia o ^^ ^^ 
in being soluble in hot water (22, 192), ^^ 

and also in most of its chemical charac- * w*^ M^ * 
ters ; giving the same purple-colored ^ {& /i • 
residue when tested with nitric acid and O '^ p ^ 

ammonia (23). It also yields crystals urate of soda. 
of uric acid, when treated with dilute 
hydrochloric acid (194). When warmed with potash, 
however, it does not of course give off ammoniacal fumes 
(377); and bv this, and more especially by its behavior 
before the blowpipe (202), and by its microscopic ap- 
pearance, it may readily be distinguished from the am- 
moniacal salt. The two salts are frequently found occur- 
ring together in the same deposit. 

SECTION V. 
Uinne containing an exQesa of. Hippurio Add. 

98. There is but little that can be said to be character- 
istic in the appearance of urine in which an excess of 
hippuric acid is present. It is most commonly either 
neutral or slightly acid to test-paper, but occasionally 
alkaline; and is in most cases pale and whey-like, and of 
low specific gravity. The mode of its detection will be 
found described in paragraphs 206, &c. 

SECTION VI. 
Urine containing an excess of Mucus, 

99. Mucous urine is most commonly very similar in 
color to the healthy secretion. It deposits a viscid, tena- 
cious sediment, usually of a dirty yellowish color, con- 
sisting chiefly of mucus mixed with epithelium (328); 
which, when agitated, does not mix again uniformly with 

1 The acid urate of soda (NnO,H(),0,pHaN.O4-|-2Aq) Ims been 
obtained artificially in transparent granules, which might bo mis- 
taken, under the microscope, for fat-globules, but when wanhod with 
water they assume the ordinary appearance of urate of soda. 
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the fluid, but coheres together in tenacious^ rcmy masses, 
entangling and retaining numerous bubbles of air. 

100. Urine containing an excess of mucus is generally 
neutral or slightly acid when passed, unless it has been 
retained some time in the bladder, when it is not unfre- 
quently alkaline ; and when this is not the case, it very 
speedily becomes so, owing to the rapid conversion of 
the urea into carbonate of ammonia under the influence 
of the mucus (11). This change takes place first in the 
portion of the fluid which is in contact with the mucous 
sediment : this may frequently be seen in specimens of 
slightly acid urine, the upper portions of which redden 
litmus-paper ; but if the lower part, more immediately 
in contact with the mucus, be tested, it will be found to 
restore the original blue color. 

101. Mucous urine difiers from that containing pus, in 
the ropy and tenacious character of the deposit ; and also 
in not giving any sensible indication of albumen when 
tested with heat and nitric acid (254), unless the albumen 
be derived from some other independent source, which 
is sometimes the case (255). Minute traces of albumen, 
indeed, are present in the undiluted mucous fluid, but 
the quantity is so small that, when mixed with urine, 
it is incapable of being detected (663). 

102. The mucous deposit is frequently found mixed 
with a considerable quantity of earthy phosphates or 
urates ; in which case its opacity renders it more liable 
to be mistaken for pus. The true nature of such a mixed 
deposit is, however, readily distinguished by micro- 
scopic examination, which should always be had recourse 
to in such cases (156, 211, 328). 

SECTION VII. 

Urine containing an excess of Extractive and Coloring 

Matters. 

103. Urine containing extractive matters in excess is 
usually more liighly colored than the natural secretion, 
a large proportion of what is included under the title of 
extractive matter, consisting apparently, in most cases, 
of the peculiar coloring matters of the urine. When 
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boiled and subseauently mixed with a little hydrochloric 
acid, such urine becomes of a more or less decided red 
color (216); and on cooling, usually deposits a quantity 
of brownish or bluish-blacK sediment, which is readily 
soluble in alcohol. 

104. It is not unfreauently the case, that the peculiar 
red coloring matter called purpurin is present in con- 
siderable quantity in certam forms of morbid urine. 
This, when a deposit of urate of soda or ammonia is also 
present, is precipitated with the urate, giving the sedi- 
ment a pink or red color (217). When no deposit of 
urate exists, the purpurin remains in solution, giving 
the urine a more or less bloody appearance, which may 
•sometimes lead to the suspicion that blood is present. 
For the methods of identifying purpurin, see paragraphs 
216 to 221. 

SECTION VIII. 

Urine containing an abnormal proportion of Fixed AlJcar- 

line Safta. 

105. When these salts are present in excess, they tend 
to raise the specific gravity of the secretions. The quan- 
tity of soluble saline matter may be readily estimated 
in the mass, by incinerating the dry residue left after 
evaporating a Known weight of the urine, and treating 
the ash with water, which will dissolve out the alkaline 
salts, leaving the earthy phosphates and silica undis- 
solved.^ The aqueous solution is then evaporated to 
dryness, ignited and weighed. The individual propor- 
tion of the several salts, which is sometimes a point of 
considerable interest, may be determined in the manner 
described in paragraphs 66 to 84. 

SECTION IX. 

Urine containing the Earthy Phosphaiea in abnormal 

quantity, 

106. The physical characters of urine containing an 
excess ofeartny phosphates vary considerably. The color 
is most commonly pale, and the specific gravity rather 
low, but it is also occasionally dark, and of high 8[)ecific 

1 See note to (68). 



70 MORBID URINE. 

gravity, especially when urea is present in large quantity 
(87, 301). It is generally slightly acid when passed, but 
shortly becomes neutral or alkaline (43), when the phos- 
phates are precipitated, often in large quantity, in the 
form of a crystalline sediment, the color of which varies 
from white and gray to a yellow or reddish-brown. 
When white or gray, the sediment will probably be 
found to consist chiefly of phosphates mixed withmucos; 
when yellowish or red, it will probably be found to con- 
tain, in addition, a certain amount of uric acid, or urate 
of soda, or ammonia, most commonly one of the latter. 

107. It must be lK)rne in mind that the spontaneous 
occurrence of a precipitate of earthy phosphates^ is not 
of itself a proof that they are present in excess ; nor, on 
the other hand, is the non-occurrence of a deposit a proof 
that a small quantity only is present. When the urine 
is acid, as in health, they may be retained in solution in 
considerable quantity, without forming any solid sedi- 
ment; while if the secretion is neutral or alkaline, a 
comparatively small amount of earthy phosphates may 
be precipitated in the form of a deposit. 

108. When examined with the microscope, deposits of 
the earthy phosphates will frequently be found to contain 
both the crystalline triple phosphate (MgO,NH^O,H0, 
PO5), and also phosphate of lime, in the form of an 
amorphous powder, or in minute, irregular, rounded par- 
ticles (43, 44). Minute dumb bells, like those of oxsJate 
of lime (Fig. 25), have also been met with. 

Crystallized phosphate of lime (Fig. 14) (2CaO,HO, 

PO5) is by no means 
pj^ j4 uncommon in urine. 

It may always be 
obtained by partially 
neutral izing the fresh 
urine with ammonia, 
and setting it aside. 
109. The quantity 
of earthy phosphates, 
which innealthyur- 

CrystallizcdPho^hateofLimo. ino is USUally about 
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one part in 1000, varies, in disease, from a scarcely per- 
ceptible trace to 5,5 in 1000 parts, and is occasionally 
even higher. When present in excess, they may gener- 
ally be partially precipitatetl by warming the urine (49), 

110. It sometimes happens, in certain forms of disease, 
that the earthy phosphates are secreted in much smaller 
quantity than is found in healthy urine, and in some rare 
cases they appear to be altogether absent. Whether this 
is the case in any specimen of the secretion, may be ascer- 
tained by adding to it a slight excess of ammonia, when 
if present only in very small proportion, or not at all, 
no precipitation will take place; or the ash of the urine 
may be aigested in dilute hydrochloric or nitric acid, and 
the clear acid solution sui)ersaturated with ammonia, 
when, if no precipitate is i)roduced, it maybe concluded 
that no perceptible trace of earthy phosphate is present. 

II. Urine containing one or more abnormal 

INGREDIENTS. 

111. The abnormal matters usually found in morbid 
urine are: 1, sugar;* 2, albumen; 3, blood; 4, biliary 
matter ; 5, pus ; 6, fat and chylous matter ; 7, semen ; 
8, oxalate of lime; 9, cystin and other foreign matters. 
Besides the substances just enumerated, various others 
may be occasionally dete<».ted in urine, such as arsenic, 
antimony, and many other saline and organic matters, 
which, having been taken into the system medicinally or 
otherwise, and being incapable of assimilation, have 
passed through either unchanged, or more or less modi- 
fied in composition. 

SECTION X. 

Urine containing Sugar (^2-^14^14)' 

112. The variety of sugar always present in the urine 
of diabetic patients, and hence called diabetic sugar, has 
the same chemical o^omposition as that (jontained in most 

^ Recent roHeurchert (86) have romoved aupir from tlio list of 
strictly abnormnl ingredients of urine, but thiH doeH not iiircct the 
practical value of the claftsiflcation here given, or of tests described 
in the following section. 
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kindfl of fruit, commonly known as grape susar or 
glucose. It n]){)ciirs to contain two equivalents of water 
of (TyHtAlliziition, which may be expelled at a tempera- 
ture of 212^; Ko that it^ composition mav be more cor- 
rcHitly (»x|>ro88e(l by the formula {C^^HuUi^+^Aq). 

1 1*}. I)ial)ctic 8Uf]^r may bo obtained by concentrating 
the urine (X)iitainiii^ it, by cva})oration on a water-bath, 
until it lx>ginH to de{)08it a crystalline sediment; the 
mass iH then allow(Hl to cool, on which the greater part 
of the Hugar cryntall izcs out. It is then filtered; and when 
moHtof the liquid luis pa^^sed through, the crystals are 
to lui j)re8H(Ml iK^twc^n folds of filtering-paper, and washed 
with n Hmall (luantity of cold strong alcohol, which serves 
to remove the greater part of the impurities, without 
dissolving much of the sugar. The crystals are then 
dissolved in hot water, and ])urified by successive crys- 
tjiHizjitioiis, or, if neccwsary, by boiling with animal char- 
(^oal. 

114. Diabetiesugar differs from cane sugar fC,2H,jOji), 
in Iwing (H)nsidenil)ly less sweet to the taste, liarder^and 
less soluble in wat<T; one part requiring about one and 
a half of cold water to dissolve it. In dilute alcohol, on 
the other hand, it is somewhat more soluble than the 
cane variety ; but is insoluble in absolute alcohol and 
ether. It is usually in the form of granular crystals; 
but when crystal lizwl out of a e()nsidenu)le mass of syrup, 
is often obtained in needle-like tufls. When crystallized 
from its solution in dilute alcohol, it usually separates in 
the form of hard tninsparent cubes, and occasionally in 
square |)lat(is.* 

115. Strong sul|)hurie acid dissolves grape sugar, form- 
ing a pale y(;llowish solution ; ciuie sugar, on the (contrary, 
is almost instantly charred and blackened by the strong 
a(*.id. 

116. Urine containing sugar is usually chara(;terized 
by its high spwjific gravity, which is frecpiently from 
1030 to 1045, and oc<usionally as high as 1050 and 1055. 



* Vohl 1)08 mot wit)) h cnMo in which a nnrt of tho diabetic BUgar 
in tho urino wafl ronlaood by inosite. It U aluo stated that acotone 
has been found in aiabotic urino. 



URINE CONTAINING SUGAR. 78 

If, however, the sugar is present only in small quantity, 
the specific gravity may not be higher than usual ; so 
that a moderately low specific gravity is of itself no proof 
of the absence of sugar. 

117. Diabetic urine has usually, after standing a short 
time in a warm atmosphere, a white scum, somewhat re- 
sembling flour, on the surface, coiBisting of minute, oval- 
shaped confervoid vesicles (132), which is highly charac- 
teristic of the presence of sugar, and occasionally leads 
to its detection before it has been secreted in sufficient 
abundance to raise the specific gravity of the urine to a 
suspicious extent. 

118. This variety of urine is usually paler than the 
natural secretion, and frequently possesses a faint green- 
ish tint. It is most commonly slightly turbid. When 
fresh, it has a faint and rather agreeable odor, somewhat 
resembling that of hay. 

119. The proportion of urea in diabetic urine is usu- 
ally much smaller than that found in the healthy secre- 
tion ; but whether the absolute amount secreted differs 
materially from the normal average, or whether the ap- 
parent deficiency is merely owing to the large quantity 
of water passed by diabetic patients thus largely diluting 
the urea, has not yet been satisfactorily decided, owing to 
the difficulty of correctly estimating the quantity of urea 
when mixed with any considerable amount of sugar (334). 

120. The proportion of sugar in diabetic urine varies 
from a mere trace to from 60 to 80 parts in 1000; and has 
been known to amount to as much as 134 parts in 1000. 

121. Several tests have been proposed for the detection 
of sugar in urine. Of these, the following only need here 
be noticed, viz., Trommer^a testy Maumeni^s test, Moore's test, 
the fermentaiion test, and the test afforded by the growth 
of a microscopic confervoid vegetation called the torula, 

122. Trommer's Test} — This excellent test is founded 
on the circumstance that when a solution containing dia- 



* If dinbotic urine bo not procurable, a few grains of grape sugar 
may be dissolved in normal urine for the demonstration of these 
tests. Grape sugar may be obtained by boiling white sugar with 
water and a few drops of sulphuric acid for a few minutes, neu- 
tralizing with chalk, filtering and evaporating. 

7 
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betic or grape sugar (112), is boiled with a mixture of 
potash {K0\ and sulphate of copper (CitOj/SOj) the oxide 
of copper {OuO) contained in the latter becomes reduced 
to the state of suboxide (CugO), which is precipitated in 
the form of a reddish or ochre-colored granular powder. 

123. A little of the urine suspected to contain sugar is 
placed in a tolerably targe test-tube, and mixed with a 
drop or two of a solution of sulphate of copper, which 
should be added only in sufficient quantity to give the 
mixture a very pale blue tint. This will probably cause 
a slight precipitation of pale blue phosphate of copper, 
owing to the presence of soluble phosphates in the urine 
(40) ; this, however, need not be regarded, as it will not 
afterwards interfere with the indications of the test. A 
solution of potash is now added in large excess,^ or in 
quantity equal to about half the volume of urine em- 
ployed ; this will first throw down a pale blue precipitate 
of hydrated oxide of copper (CuO,HO), which, if sugar 
is present, will immediately redissolve, forming a pur- 
plish-blue solution, something similar to that caused in 
a very dilute solution of copper by ammonia. 

124. The mixture is now to be carefully heated over 
a lamp, and gently boiled ; when, if sugar is present, a 
reddish or yellowish-brown precipitate of suboxide of 
copper (CugOJ will be deposited in the liquid generally 
before the boiling-point is reached. If no sugar is pres- 
ent, a black precipitate of the common oxide of copper 
(CuO) will be thrown down, totally distinct in appearance 
from the suboxide. It is important, in this experiment, 
not to add too much of the sulphate of copper, because, 
in that case the suboxide might be mixed with some of 
the black oxide (the sugar being capable of reducing only 
a certain definite quantity), which would more or less 
mask the characteristic color and appearance of the sub- 
oxide. This test is extremely delicate, and is capable of 
detecting very small traces of sugar in the urine. If very 
much sugar be present, the action of the j)otash upon it 



1 Or the potash may bo added, and the solution filtered from any 
deposit of earthy phosphates that may be thrown down, before the 
addition of the sulphate of copper. 
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will produce a very dark-brown color, which may dis- 
guise the suboxide of copper. If this be the case, another 
portion of the urine may be diluted before being tested. 
Since other substances are occasionally found in urine,^ 
which reduce the oxide of copper, this test cannot be 
considered as conclusive, except as to the absence of 
sugar. Since the presence of ammonia in any consider- 
able quantity interferes with the test, as Dr. Beale origi- 
nally pointed out, recourse must be had to the yeast t^t, 
if much ammonia be smelt in this experiment. 

125. Maumeni^s Teat — This test is founded on the cir- 
cumstance that when the sugar is moderately heated in 
contact with the bichloride of tin (SnClg), it is decom- 
posed, and a brownish-black compound, somewhat resem- 
bling caramel, is formed. The most convenient method 
of applying this test is to saturate strips of merino, 
flannel, or some other woollen tissue,^ with a solution of 
bichloride of tin — prepared by dissolving the salt in 
about twice its weight of water, and filtering — ^after 
which they may be dried at a gentle heat on a water- 
bath, and kept ready for use. On moistening one of 
these strips with urine, or any other liquid containing 
sugar, even in a highly diluted state, and holding it near 
a fire or over a lamp, so as to heat it about 270° or 300° 
Fahr., it immediately assumes a brownish-black color. 
The delicacy of this test is stated to be so great that 
though ordinary healthy urine causes no change of color, 
if ten drops of diabetic urine be difiused through half a 
pint of water, the mixture will immediately give de- 
cided indications of sugar. 

126. Moore's Teat — Mix a little of the suspected urine 



1 Even uric acid produces the same effect, but in general its 
quantity is too small in normal urine to allow of its being mistaken 
for sugar. 

2 It is necessary in this test to avoid the use of cotton or linen, 
since these substances, being analogous to sugar in composition, 
undergo also a similar decomposition when warmed with the bichlo- 
ride of tin ; and would consequently become blackened, even though 
no sugar were present. It will be seen that the utility of this test 
depends upon the circumstance that the prepared strips can be car- 
ried about so as to render the tests available in a clinical examina- 
tion. In the laboratory the other tests are more convenient. 
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in a test-tube with about half its volume of liquor potafisaB, 
and boil the mixture gently for a minute or two. If 
sugar is present, the liquid will assume a brownish or 
bistre tint, while little or no heightening of color takes 
place when the urine is free from saccharine matter. 

127. Bottger^s Test — Add to the urine suspected to 
contain sugar a few drops of somewhat dilute solution of 
nitrate of bismuth (Bi03,3N05) in nitric acid, then add 
carbonate of soda till the solution is alkaline, and boil 
for three or four minutes, when, if sugar be present, the 
mixture assumes a dark color from the reduction of bis- 
muth, and when set aside, deposits a gray or black pre- 
cipitate. With healthy urine a white precipitate of 
phosphate and carbonate of bismuth is obtained. 

128. FermentcUion Teat, — Fill a test-tube with the sus- 
pected urine, having previously mixed with it a few drops 
of fresh yeast, or still better a little of the dried German 
yeast; close the open end with a small saucer or evapo- 
rating dish, and while gently pressing the latter upon the 

^ tube, invert them, when they will be in 

Fio. 16. the position shown in the figure (Fig. 1 6). 

^ A little more of the urine is then poured 

H into the saucer in order to prevent the 

H escape of any of the liquid from the tube ; 

n and if any bubbles of air have acciden- 

H tally been allowed to enter, the exaot 

^^|^^>v heigh t of the upper surface of the liquid in 

^MM^ g the tube must be marked with ink, or 

"^^■■^^^^ with a strip of gummed paper. The 

Fermentation Test, ^ubc, with its coutcnts, is then sct asidc in 

a warm place having a temperature of 
about 79° or 80°, for twenty-four hours. As bubbles of 
gas are sometimes given off by the yeast itself, it is a good 
precaution to put the same quantity of yeast into a second 
tube of equal size, and fill it up with pure water. The 
amount of gas, if any, derived from the yeast, will thus be 
rendered apparent, and may afterwards be deducted from 
the volume of gas in the tube containing the urine. 

129. If sugar is present, it begins almost immediately 
to undergo the vinous fermentation, by which it becomes 
converted into alcohol {C^Hf^O,HO) and carbonic acid 
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(CO2), each equivalent of sugar giving rise to the forma- 
tion of two equivalents of alcohol, four of carbonic acid, 
and two of water, thus : 

The carbonic acid thus formed rises in minute bubbles, 
causing gradual and general effervescence, and collecta 
in the upper part of the tube ; at the same time displac- 
ing the liquid, which escapes through the open end of 
the tube into the saucer.^ 

130. That the gas thus formed is really carbonic acid, 
may be proved by decanting a little of it under water 
into a clean tube, and testing it with lime-water, which 
will instantly become milky, owing to the formation of 
the insoluble carbonate of lime (CaOjCO^). When the 
quantity of sugar present is at all considerable, the urine, 
after fermentation, will be found to possess a faint vinous 
smell, due to the alcohol formed during the process. 

131. If, on the contrary, the urine is free from sugar, 
of course no fermentation will take place, and no gas will 
be formed in the tube. 

132. Test afforded by (lie growth of the Tot'ula, — During 
tlie process of the vinous fermentation of a liquid con- 
taining sugar, a delicate white scum gradually collects on 
the surface, which, when seen merely with the naked eye, 
is so highly characteristic an indication of the presence 
of sugar, as frequently to lead to its detection when pres- 
ent only in very small quantity. If a little of this scum 
be examined under the microscope, with a magnifying 
power of four or five hundred diameters, it will be found 
to consist of minute oval vesicles (Fig. 16), which in the 
course of a few hours rapidly change thoir form, becom- 
ing longer and more tubular, and giving rise to new 
vesicles, which shoot out from the parent body, forming 
an irregularly jointed confervoid stem (Fig. 17). These 
again gradually break up into a great numl)or of oval 
vesicles, which eventually separate, and fall to the bottom, 
where they may be detected by microscopic; examination. 



* This has been liitoly proved to bo only ono of the cbungoa which 
are involved in the fermentation of sugar, other pubstancos, such as 
succinic acid and glycerin, being fornned at the same time. 



•♦ 
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Precipitation by Tribasic Acetate of Lead and Ammo- 
jiia, — When the proportion of sugar present in urine is 
very minute, the best process for extracting it consiste in 

Fio. 16. FlO. 17. 

Torula Vesicles, magnified 400 diameters. 

precipitating the urine, first with acetate of lead, then with 
tribasic acetate of lead added in excess, and lastly, after 
filtering, with ammonia. This last precipitate is collected 
U£)on a filter, washed, suspended in water, and decom- 
posed by sulphuretted hydrogen. After filtering from 
the sulphide of lead, and evaporating, the sugar may be 
detected by any of the tests above described.^ 

Precipitation by Potash and Alcohol. — If urine con- 
taining sugar be mixed with four volumes of absolute 
alcohol, allowed to stand for some time, filtered, mixed 
with a little alcoholic solution of potash, and set aside 
for a day or two, a combination of grape-sugar with 
potash separates as a deposit, which adheres to the side 
of the vessel. The alcoholic liquid having been drained 
oif, the deposit may be dissolved in water, and tested by 
any of the above tests.* 

132a. A very remarkable 8ul)stance has occasionallv 
been observed in urine, which answers to the test with 
the alkaline copper solution in precisely the same man- 
ner as sugar, but does not possess the property of re- 



1 This process has been employed for the demonptration of the 
presence of sugar in normal urine, but the circumstance that the 
indig<)-i)roducing body described by Schunck (86) is precipitated in 
the sapH) way, and yields sugar as a product of its decomposition, 
much diminishes the value of the evidence which it affords. 

' According to Briicke, sugar may be detected in healthy urino 
by this prcKjess. 
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ducing the oxide of bismuth, or of fermenting in contact 
with yeast. Its most striking feature is that of absorb- 
ing oxygen from the air, and producing a brown color, 
when an alkali is added to the solution containing it, so 
that urine in which this substance is present becomes 
brown at once when shaken with potash, whilst saccha- 
rine urine does not become brown until it is boiled. 
Boedeker,^ who first directed attention to this substance, 
which he named alkapton, has isolated it in the following 
manner : The urine was precipitated by acetate of lead 
and filtered. The filtrate was mixed with tribasic ace- 
tate of lead, avoiding an excess, the precipitate washed, 
suspended in water, and decomposed by sulphuretted 
hydrogen. The solution filtered from the sulphide of 
lead was evaporated to dryness on the water-bath, and 
the residue extracted with ether. On evaporating the 
ethereal solution, the alkapton was obtained as a golden- 
yellow, resinous, deliquescent substance, very easily solu- 
ble in water and alcohol. Its solution reddens litmus 
slightly, and is unchanged by exposure to air, unless an 
alkali is added.' The precipitate produced by tribasic 
acetate of lead, also becomes brown when exposed to the 
air. Alkapton contains nitrogen, but its exact composi- 
tion has not yet been ascertained.^ 

SECTION XI. 
Urine containing Albumen.^ 

133. This substance, which is contained, as is well 
known, in large quantity in many of the tissues of the 
body, and especially in the serum of the blood (466), is 
not unfrequently present in morbid urine. Albuminous 
urine varies very considerably in appearance and general 
characters, being found alkaline, acid, and neutral ; high- 
colored and pale ; of high specific gravity and the con- 



* Ann. Ch. Pharm , January, 1861. 

' Dr. Johnson has observed the occurrence of alkapton in the 
urine of an infant, his attention being called to it by the hrown 
stains produced on the linen. 

' For the purpose of demonstrating the tests, a very little well- 
beaten white of egg may be mixed with some normal urine. 
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trary ; so that no general rule can be laid down as to its 
usual physical peculiarities, likely to lead to its detec- 
tion ; though, when its presence is once suspected, its 
detection is easy and simple (139). 

134. The quantity of albumen found in urine varies 
very much ; a mere trace only being sometimes present, 
and at others as much as ten or twelve parts in 1000. 

135. The most remarkable property of albumen is, 
that when a solution containing it is heated to a tempera- 
ture of about 170°, or higher, it coagulates, and separates^ 
completely from the liquid ; and when this change has 
once taken place, it becomes quite insoluble in water. 
The coagulated albumen is readily soluble in potash and 
other alkaline solutions ; and when an excess of alkali is 
present, no coagulation takes place on boiling. 

136. Albumen is precipitated from its solution by 
nitric and hydrochloric acids, but not by phosphoric, 
acetic, or tartaric acids, which indeed appear to exercise 
a decided solvent action upon it, and, when present, pre- 
vent its coagulation on the application of heat. 

137. It is also readily precipitated, even from an acetic 
acid solution, by ferrocyanide (-8^2,2^60^3+3-4^) and fer- 
ridcyanide {K^jFe20y^ of potassium ; and the precipi- 
tates thus formed are easily soluble in alkaline solutions. 

138. Chloride of mercury {HgCt), alum {Al^O^^ZSO^ 
-\-K0,80^+2\Aq)j and many other of the metallic salts, 
also cause precipitates in albuminous solutions, which are 
compounds of the salt with albumen. It is precipitated, 
too, by alcohol, creasote, tannin, and many other sub- 
stances. 

139. The detection of albumen in urine containing it 
is very easy. The suspected urine may be gently boiled 
in a test-tube, when, if albumen is present, it will coagu- 
late, and form a more or less copious white precipitate. 
If the albumen is present only in minute quantity, it may 
cause merely a delicate opalescence ; or, when in larger > 
quantity, it may separate in curdy flakes ; and if very 
abundant, may cause the liquid to gelatinize, and become 
nearly solid (142). 

140. The appearance of a white precipitate on boiling 
is not, however, of itself- a aore proof of the presence of 
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albumen in urine, since a white precipitate is also pro- 
duced by boiling, when the secretion, free from albumen, 
contains an excess of earthy phosphates (49a), It is 
therefore necessary to add a few drops oi nitric acid, 
which, in case the precipitate consists of phosphates, im- 
mediately redissolves it, but if albuminous, leaves it still 
insoluble. 

141. To prevent the possibility of error, it is always 
advisable to test a separate portion of the urine also with 
dilute nitric acid, by which the albumen, if present, will 
instantly be thrown down. If the quantity of albumen 
is very small, it is possible that the milkiness first 
caused by the acid may disappear, but if a few drops 
more of the acid be added, the precipitate will again 
separate, and remain insoluble. If both heat and nitric 
a,eid cause a white precipitate, there can be no doubt of 
the presence of albumen. 

141a. The coagulum may be further tested by Millon^s 
test, which consists in gently heating it with solution of 
nitrate of mercury (HgO,!?©^) prepared by dissolving 
200 grains of mercury in 6 drachms of ordinary concen- 
trate nitric acid, with the aid of heat. Albumen ac- 
quires an intense red color when heated with this solu- 
tion, whilst normal urine is only rendered faintly and 
transiently pink. Fibrin, casein, and other members of 
the same group of bodies (protein compounds) exhibit 
the same behavior. 

142. In testing for albumen, it mast be borne in mind 
that, if the liquid is alkaline to test-paper, the albumen, 
though present, will probably not be coagulated on the 
application of heat, since coagulated albumen is readily 
soluble in alkaline solutions (135). On this account the 
urine should first be examined with turmeric or reddened 
litmus-paper (277), and, if found to be alkaline, neutral- 
ized with nitric acid before boiling. 

143. It should also be remembered that when the al- 
bumen is present only in small quantity, the addition of 
a veiy slight excess of nitric acid may redissolve it, and 
thus lead to the supposition that the precipitate is phos- 
phatic. A few drops more of the acid, however, will 
instantly cause it to reappear, if albuminous ; while, if 




82 MORBID URINE. 

really phosphatic, no excess of the acid would cause it 
to do so.^ 

144. The peculiar casts of 
^^®- ^^- urinary tubes, found in the 

urine of patients suffering 
from Bright's disease, oon- 

Fibrinous Cast. (Dr. G. Johnson.) sistiug of fibrinOUS Or albu- 

minous matter, and entan- 
gling blood-corpuscles, epithelium, and fatty globules, 
lave usually the appearance shown in Figure 18.^ 



SECTION XII. 
Urine containing Blood, 

145. Urine frequently contains, in addition to albumen, 
one or more of the other constituents of the blood (450), 
and is often more or less highly colored red or brown, 
by the pi*esence of the corpuscles and red coloring mat- 
ter. When the fibrin, in its soluble form, is present, it 
usually coagulates spontaneously on cooling, and causes 
the urine to become more or less gelatinoas soon after it 
is passed. This spontaneous coagulation on cooling may 
be considered of itself sufl&cient proof of the presence of 
the fibrin of the blood. 

146. The blood-corpuscles may generally be detected 
both in the coagulum and also in the superincumbent 
fluid, when examined under the microscope (451) ; occa- 
sionally, however, they are almost entirely disintegrated, 
so that little or no trace of their characteristic form 
remains. They are sometimes found adhering together, 

' The result of..lhese tests for albumen miiy be confirmed by 
acidulating another portion of urine with acetic acid, and adding 
ferrocyanide of potassium (137). Chloride of mercury may bo 
added to another portion (188). 

In a case of moUities ossium, an albuminoid substance has been 
observed in the urine, which was precipitated by nitric acid like 
albumen, but the coagulum dissolved on heating, and reappeared 
as the solution cooled. Ferrocyanide of potassium also precipitated 
this substance. Tannic acid gave a precipitate in this urine. 

' The presence of inosite in the urine has been noticed in a case 
of Bright's disease. 
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forming little threadlike aggrega- ^*°' *®- 

tions ; out more frequently float- 
ing detached from each other, 
looking like little transparent 
rings (Fig. 19). 

147. In urine containing blood, 
the albumen may in all cases be 
easily detected by the tests already 

•mentioned (139) — viz., heat and 
nitric acid ; but when any of the 
coloring matter of the blood is also 
present, it will coagulate with the albumen, giving the 
coagulum a more or less decided red or brown color. 

SECTION XIII. 
Urine containing Biliary matter} 

148. When biliary matter is present in urine,^ it gener- 
ally gives a more or less decided yellowish-brovn color, 
both to the liquid and also to any sediment that may be 
deposited from it. The taste also of such urine is remark- 
ably bitter — a peculiarity which furnishes a ready indi- 
cation of its presence when other tests are not at hand ; 
though it must not be implicitly relied on, since small 
traces may exist in the secretion, without communicating 
to it any very decided taste. 

149. Pettmkofer*8 Test, — Perhaps the best test for the 
presence of bile, is that known as Pettenkofer's. If the 
urine contains albumen, it should first be freed from that 
substance by coagulation and filtration (135, 151) ; be- 
cause albumen, when present in considerable quantity, 
would give, with sulphuric acid and sugar, a color re- 
sembling that caused by bile. Dissolve a grain or two 
of white sugar in the urine to be tested, and add, drop 
by drop, about two-thirds of its volume of strong sul- 
phuric acid. If biliary matter be present, a very distincrt 
and characteristic violet-red color will be produced, which 

^ A little ox-gall may be added to the urine for the purpose of 
applying the tests. 

' According to Scheror, biliary coloring matter is o'^'^^^'^'^uUy 
present in healthy urine. 
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becomes redder and more intense on the application of 
heat. A very small quantity of the biliary matter re- 
sponds to this test; but a still more delicate mode of ap- 
plying it consists in mixing the urine with a single drop 
of dilute sulphuric acid (1 part of acid to 4 of water), 
adding a trace of a solution of sugar, containing 10 per 
cent., and evaporating at a gentle heat, when the violet 
color becomes evident. 

150. When the quantity of bile is small, it is advisa-^ 
ble, before applying the test, to concentrate the urine by 
evaporation. For this purpose it is first boiled, in order 
to coagulate any albumen that may be present (161), and 
afterwards evaporated nearly to dryness on a water-bath. 
The residue is then treated with a small quantity of boil- 
ing water or alcohol ; and the solution thus formed, con- 
taining any biliary matter that may be present, is allow- 
ed to cool and tested as above. 

151. The experiment known as HeUer^a test is made 
as follows : Mix with a little of the suspected urine a few 
drops of the serum of blood or white of egg, or of any 
liquid containingalbumen in solution ; and having shaken 
them well together, add a slight excess of nitric acid, 
which will cause the precipitation of the albumen (136). 
If bile is present, the coagulum thrown down by the acid 
will have a more or less distinct dull green or bluish 
color, quite different from the white or pale fawn color 
which it would otherwise have. When only a small 
quantity of biliary matter is present, the urine may be 
concentrated, as in Pettenkofer's test (150), the serum or 
white of egg being subsequently added to the cold con- 
centrated aqueous solution of the evaporated residue. 

1 52. Gmdin's Test — Pour a few drops of the suspected 
urine upon a clean white plate or dish, so as to form a 
thin layer of the liquid, and then carefully drop into the 
centre, with a pipette, five or six drops of nitric acid. 
When bile is present in any considerable quantity, the 
liquid becomes successively pale green, violet, pink, and 
yellow, the color rapidly changing as the acid mixes with 
the urine. When the bile is present only in small quan- 
tity, th(jse colors are not distinctly visible ; but unless 
the proportion is very minute, a greenish tint is generally 
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perceptible. On concentrating the urine by evaporation, 
the appearance may be seen to greater advantage when 
only small traces of bile are present (150). The action 
of this test appears to depend on the presence of the 
peculiar brown coloring matter of bile, called bilipheein, 
or cholepyrrhin.^ 

SECTION XIV. 
Urine containing Pus, 

153. Pus is a substance which in many respects closely 
resembles mucus, both in its behavior with reagents, and 
still more in its appearance under the microscope; so 
that it is not always easy to distinguish between them ; 
and when mixed together in the urine, it is frequently 
quite impossible to say with certainty 

whether or not both are present. Like ^^°- ^• 

mucus, it consists of minute round or ^^ ^ ^ 
oval granular corpuscles (Fig. 20), ^ (kfc^ 
floating in the fluid, from which they @ ^i, (j^ 

separate, on standing, and gradually m^ ^ ^ 
sink to the bottom. These form, in % © @) 

urine containing pus, a pale greenish- p^, j^ urine, magnified 
yellow or cream-colored layer, at the 4oo diam. 

bottom of the fluid ; and, if shaken, the 
sediment readily breaks up, and diffuses itself through 
the liquid, again gradually subsiding to the bottom when 
allowed to stand. If the urine, however, be decidedly 
alkaline, the character of the purulent deposit is changed,' 
and it assumes nearly the same appearance as mucus 
(251, 680).^ 

154. Urine containing pus is met with sometimes neu- 
tral, acid, and alkaline. It always contains albumen in 
solution, which may be recognized in the filtered urine 
by the usual tests, heat and nitric acid (139). This albu- 
men is derived from the liquor puris, in which it is always 

^ Briicke recommends a useful modification of this test, which 
consists in mixing the urine in a tube with dilute nitric acid, and 
carefully pouring in sulphuric acid, so as to form a layer at the 
bottom of the urine. The rings of color commence from the junc- 
tion of the two layers. 
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Fio. 21. 



prcftont (254, 677). Tho absence of albumen, therefore, 
in the urine, may be <K)nHi(lered a^ a strong indication of 
the absence; of pus ; though the pnjsence of albumen is of 
iteelf no kind of pr(X)f of the existence of pus, since it 
may Ikj derived from other independent sources. Traces 
of blood are by no means unfrequent in purulent urine, 
giving the sediment a brown or reddish color (146), 

155. The chemi(a,l and microscopic characters of pus, 
and the modes of distinguishing it from mucus, will be 
more fully described furth(;r on (247 to 258, 674). 

156. The peculiar granular cor- 
puscles, which have been called large 
organic globules, and which are not 
unfrequently met with in certain 
conditions of the urine, especially in 
that of pregnant women, closely re- 
semble the corpuscles of mucus and 
pus, being granular on the exterior, 
and, on the addition of acetic acid, 
dcvcjlop internal nuclei. They are,* 
however, larger, and are unaooom- 
pani(;d by the albuminous and 

vis(;id fluids, which are charact<iristic respectively of pus 
and mucus (676, 661). The general appearance is 

shown in Fig. 21. 

157. The small circular bodies, 
which have been ocx^asionally, 
though much more rarely, found m 
c(irtam morbid conditions of the 
secretion, and called Hmall organic 
gMmlrJtf an; rcpresentt;d in Fig, 22. 
They are spherical and smooth on 
tlie surfiuM;, no aj)i>canuice of granu- 
lar structure b<;ing ai)parent, and 
(;onsid(;rably smaller than the large 

organic globuh^n (1 56). They are unaffcct-ed by luxjticacid. 




LarKC <^)rKanic GlobtilcN, 
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HEOTION XV. 
ITmie eoniahmuj Fat and (liyloiM matter, 

1&8. Urinocoiitainin^ fatty or chylouH maitor in UHiuilly 
more or Io^h tiirhid, and fro<(iumtly lui^an alrnoHt milky 
at)i)oaranco. Littlo in known tu4 to the prociHo natnro of 
tno fatty matter whi(?h in tlnw Oi^caHionally mot with in 
tirino, tliouj^h it in probable tliat its compoHition varioH 
with tlio (*Jr(unnHt4in(!0H under wlii(?h it in formed. It 
Hometimt^ exint^t annoeiated with albumen and chylouH 
nuitter,Hom(^tim(iH ahme. Num(»rouH minute oily globuhiH 
nuiy in mjiny (niH(»H be hocmi under the mieroH(u)|)(? (}Vl^))j 
but it iH often ho intimately mixexl with the albuminouH 
matter alno pri^nent, formini^ a kind of enuilnion, that no 
trace of oily globules ean be dciUu^ted even with a high 
magnifying power. In HU(?h (?jih(5H, tlie urine may be 
flgitattHi with a little ether, whi(^li will dinnolve the fjit; 
and the eth<T(Mi1 Holution thuH formed will He|>arate from 
the watery Ii(|uid, fonning a dintinet ntratiun iloating on 
the Hurfa<^e. If the ethenud Holution be evaporat-ed at a 
gentle luuit, the fat will be hill, and may be reiulily nn?- 
ognized by the phynieal i)e(MiliaritieH of fatty HubntantH's; 
Hueh UH immiHeibility with water; breaking up into 
minute globulen when agitat^'d with hot waU^r,ive. Fibrin 
Ih Maid to be dineoverable in urines of thin deHeription. 

(JhylouH urino friMiuently eont4unH minuU; round mv- 
puHcleH, nwembling tiie white globulen of tlie blood or 
lymph, which at firnt night hav(^ a good (hnil tlu^ ai)i)(»ar- 
anco of oil-gh)buleH, for wlu(?h they have probably \hm\\\ 
in Kome ciwch miHtiiken. Their inHolubility in •ther, 
liowever, nhown that tliey an^ not alwayn (jompomjd of 
fatty matter, 

160. The peculiar forn» of mucilaginouH or cawjoun 
matter, ummliy pnwent in the urines of pn^g.nancy, and 
which han re(H)iv(Kl \\w. name? of Kientcin, gives the* urines 
eont^iining it a cloudy apixuiraiHH^ ; and aHcr the lapne 
of a few (layH, gradually lormn on lh(» HurfH(M' a mon^ or 
IcHH Hhining |)eriicl(!, whi(?h in threes or (bur dayn, an the 
urine l)oc(m)eH anunoniaiMvl, breaks up into ninnUc par- 
tielcH, which Hubnide to the bottom. WIkmi examnuul 
under the mi(TOH<M)pe, the pellicle in found to (H)nHiHt of 
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minute granular particles, usually mixed with great 
numbers of prismatic crystals of triple phosphate (44), to 
which latter the peculiar shining appearance, somewhat 
resembling spermaceti, seems to be due. A few globules 
of oily matter, resembling butter, are also occasionally 
present.^ 

Cholesterin has been found in urine in Bright's dis- 
ease by Dr. Beale. 



Fio. 23. 



SECTION XVI. 

Urine containing Semen, 

160. When semen is present in urine, it may easily be 
detected under the microscope, by the appearance oi mi- 
nute animalcules, always 
found in the spermatic 
fluid, and hence called 
spermatozoa. They are 
more or less oval in form, 
and are furnished with 
long and delicate tails, as 
shown in Fig. 23. These 
spermatozoa, while, in 
their native fluid, enjoy 
an active existence, and 
move about at will In 
urine, however, unless a 
considerable quantity of 

pus is also present, they are never found alive, the 
secretion proving apparently fatal t(5 them. 

161 . In addition to the spermatozoa, there may gener- 
ally be recognized in seminal urine a few minute 
granular corpuscles, of a round or oval form (a. Fig. 
23), and rather larger than the bodies of the animalcules. 
Traces of albumen also may generally be detected in 
urine containing semen (264). 




Spennatozoa, and Spermatic Granules, 
magnified 400 diameters. 



1 Since Kiostnin is not a dnfiiiitf* Bubstanoo, but merely a deposit 
of a fungoid growth together with triple phoKphute, eonHequent 
upon the rapid alkuleHcenco of the urine, it is not regarded as a 
conclusive evidence of pregnancy. 
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SECTION XVII. 
Urine corUaining Oxaiate of Lime (CaO,Cj03+2Aq). 

162. Urine containing much oxalate of lime is usually^ 
though by no means always, of a dark amber, and often 
of a pale greenish, or citron color. It is in most cases 
decidedly acid to test-paper, and is frequently found to 
contain an unusually large quantity of epithelial debris. 
It oilen contains an excess of uric acid and urates, and 
almost invariably also an abnormally large quantity of 
urea. Its specific gravity is not often materially different 
from that of the healthy secretion, viz., about 1020. 

16f3. Oxalate of lime appears to exist very frequently 
in urine, generally in the form of minute and well-de- 
fined octahedral crystals (Fig. 24); but unless carefully 
looked for, it may readily escape detection, owing to the 
crystals, which are very tran8[)arent, having almost ex- 
actly the same refractive power as the urine itself, so that 
it is not always easy to distinguish them as they float in 
the liquid. The crystals have also nearly the same specific 
gravity as urine, in consequent^e of which they generally 
remain suspended in the fluid some considerable time, be- 
fore they form a sedimentary deposit at the bottom of the 
oontainmg vessel. 

164. Tne best way of detecting them is to allow the 
urine suspected to contain them to stand a few hours, 
that the oxalate may, in some measure, subside; though 
frequently it remains several days without doing so com- 
pletely, in which case the urine may \k^ passea through 
a filter, when most of the crystals will be retained by the 
paper, and may be warmetl with a little distilled water, 
m the manner described below (165). The jrrcator part 
of the liquid is then carefully |)()ured off', and the lower 
stratum is placed ina wat(^h-glassorsmall porcelain dish 
and eently heated over a lamp. In this way the liciuid 
will become specifically lighter, and in consequence, the 
crystals, if present, will gradually subside to tlie bottom, 
eBpeoially if a slight rotatory motion be given to the 
liquid. It is now allowed to stand a few minutcM, and 

8 
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tlu* (^loiir li(|ui(l in carefully poured ofT, or removed by 
mcjuiH of a piiM^tte. 

10/3. A littl(! diHtilUxl water may now bo addcxl, when 
the Heditueut will l)(K!<)me much more diHtinctly visible, 
owinji; to the n^fraetive power of the water differing more 
d(Hudedly from that of tlu^ cryHtals. The mixture ifl 
a^ain h('nte<l^wh(*n any urate of ammonia, which is often 
alw) imwent, will he diHHolvtHl ; and by ]>ouring off the 
li<|in(l afler Htnndin^ a few minut(!H^ the cry»talH will be 
l(»ft at th<^ lM)tfx)m, and may l)e removed for th<5 purpose 
of mieroH(5opi(; examination, or for teMing with reagents. 

166. Oxalate of lime, 
y,rt. 24. ^w foun<l in the urine, 

•^ . iH usually in the form 

^ ®) v^\ ^ ^grik ^f Riautifully defined 
^!^ JSt^ ^^itfm o(^tahedral crystals 
9b ^B IT \P^ {^'\' 24)' of sizes 
» «) • ' Sa J^ ^ varying from ,, J „ to 

^ ■ \l^ diameter. When ex- 

ORtahodrRl ( VyntiilH of Oxalate of J.lmo. amilUHl With polarisscd 

light, th(«c (Mitahcdra 
will b(^ found U) lmv<; littler or no a(^ti(m UTMm it, and re- 
main inviHibU;, or n(Mirly ho, when the field is dark. 

167. When allowcwl to dry upon 

'''"'• '^' i\w- ghiHH, each cryHt-al ap{)earH under 

>w ^ ^he mi(T0flcoj)e, (^Hpecnally if the mag- 

V P^^\ nifying power iH not very high, like 

n^ J^ a black cu1m», having in the ccmtre a 

^^^CL nmall whit<» Houare opening, as shown 

DQ ^ in Fig. 25. Thin curiouH ap]Kuiranoe 
^ is owing to the rayn of light, from the 

odahcirtt of oxuittU) of Rrcatx^T part of th<» cryntnl, being n^- 
Unus "•H-n whon dry. fractcd bcyoud th(» field of viniou. 

On again moiHtening tli(»in, the (^rys- 
tnln reapp(»ar an before in their true oc^taluKlral form. 

16S. Oxalate of linu* in not nnfre(|uently uk^ with in 
the urine, having the formn hIiowu in Fig. 26, more or 
lesH n?H(»ird)ling dumb-belln, with finely Htriatc<| Hurfaces. 
This form of oxulate-of-linu^ H<Nliment, unliktj the (M»ta- 
h(Hlral vari(?ty (166), ap|)ciirH beautifully (colored and stri- 
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ated when examined with polarized light.^ If these 

"dumb-bells" be kept in any liquid medium for a 
length of time, they gradually pass 

into octahedra, which is their more nat- ^'°' ^^* 

ural form ; so that when it is wished • ^aA 

to preserve the dumb-bells, they should ^ ^ 9/% 

be put up in balsam, in which they will ^ ^ ^ 

continue to retain their peculiar form. ^^ ^ 

There are occasionally to be seen, also, ^ W9 ^ 

mixed with the octahedra and dumb- ^ 

bells, a few minute, flat, disk-shaped i>«°»i>-*>«»»°'o»»- 

..'i 1 . ' 1-11,1 *^ lato of Lime. 

particles, havmg a good deal the ap- - 

pearance of blood-corpuscles (451), for which they may 

readily be mistaken ; they are, however, usually mucn 

smaller. 

169. Oxalate of lime is readily soluble, without effer- 
vescence, in dilute nitric and hydrochloric acids, from 
which it is again thrown down in the form of a white 
precipitate, when the acid solution is neutralized with 
ammonia or potash. 

170. It is insoluble in both cold and hot water; also 
in acetic and oxalic acids ; and in solution of potash. 

171. When gently ignited before the blowpipe, it un- 
dergoes little or no blackening, and becomes converted 
into carbonate of lime (CaO,C02), which, when treated 
with dilute hydrochloric or nitric acid, dissolves with 
effervescence (399). The solution thus obtained by dis- 
solving the carbonate in acid, gives, when neutralized, a 
white precipitate with oxalate of ammonia, but none with 
ammonia. If the oxalate be kept intensely heated for 
some little time before the blowpipe, the carbonate itself 
is decomposed, and caustic lime is formed (402). 

^.^m^^m^-m^^ , ■■■■■y ■■■ii.iM.i ■■■-■■■■Mil ■ ■ I ■ ■— ■— ■ ■ .. ■■ ■ ■ »■ ■ M ■ !■_ B^. 

1 Dp. Golding Bird imagined that the dumb-bells consisted, not 
of oxalate^ but of oxalurate of lime (CrtO,C8H3N207^, (Urinary 
Deposits, fourth edition, p. 219), but the observation tnat oxalate- 
of-lime calculi consist often of aggregations of similar dumb-bells 
renders such an assumption unnecessary. 
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SECTION XVIII. 
IJrim ffmliiirimf/ (h/di/n (0^11^X0482). 

172. ('VHtiii hixH (H'A^iHunmUy, tlioiigh but rarely, Imjwi 
found l)oui tvn a rryHUiUUw. (ioponit in iirinO| and alno in 

ihc. form of Hmall mlouli; in one of 

''''"• ^' w\M\ IrttUT it woH firHt diwjovcrcd by 

^ . . ^)^^ f^ Dr.WoJIjiHtYm. A doiMwit of oyfltin, 

^j (■^) ™ wlu?n oxaminc<l under the niicro- 

[0J 9) "-^^ niinijfe irnj^nlarly fimned cryHtak, 
r^ fii ■'a\ liaving the apiM^rance Hhown in 

,#) ^ y.^)^ ,Oij,„r(. 27. 1\» tlie nakwl eye, the 

(;y„M„. d(;|)OHit has a j^whI deal the appear- 

an(!e of pah; fawn-eolored urate of 
ammonia (Ul)), from whieli it may ))e n^adily diHtingninhed 
by Imuo^ inHohil)le, or nc'arly ho, in wann water, and eon- 
He(ju<!ntly not diHap|Hfiiring wh(;n the; urine eontaining it 
in ^(!ntly warmc^d (JM). 

J 7*\, ( )iie of tlie moHt ehani(;t<TiHtie properties of cy8- 
tin in the resuliiu^H witli which it diHHoIviiH in ammonia. 
If a little of th(^ amTrioniaf;2il Holution, thuH formtd, 1)0 
allowed t-o evaporaU? HponfaiMJOUHly on a nlip of glaHH, the 
cvHiin [H depoHitinl in minuf^; hexagonal eryHtalw, having 
the form and appearanecj Hhown in Fig. 28, It munt Iw 
rememlMTcd that occiiHionally ehloride of HCHlium eryn- 
tallizen in (K!tah(«lral manner ('^ 'k« ^'Oj whieh in Honic 

€7 O 






Oyntin rryniaWiwtl from dti ('rynliiln of Chloride ofHtxlliini, 

aiiiniotilnt'al Moliitlon. n'MiinhllfiK CyNtlii. 

poHitiouH may have at firnt night very nnich the ap|Hfar- 
anee of cj'Htm. The n»ady solubility <if the <'hloride in 
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water is, however, sufficient to prevent suoh a mistake. 
The crystals of cystin, too, when examined with polar- 
ized light, appear beautifully colored, unless very thick, 
which is not the case with chloride of sodium. The tri- 
angular crystals of triple phosphate (44), which in some 
positions somewhat resemble cystin, may be at once dis- 
tinguished by their ready solubility in dilute acids (49, 
174). 

174. Cystin is insoluble in a solution of carbonate of 
ammonia, but soluble in the fixed alkaline carbonates. 
It is very sparingly soluble in water, even when warmed, 
and insoluble, or nearly so, in alcohol. In acetic acid it 
is insoluble, but may be dissolved in nitric and hydro- 
chloric acids. 

175. Urine containing cystin has usually a somewhat 
paler color than the healthy secretion, with occasionally 
a greenish tint. Its specific gravity is most commonly 
rather low. It may generally be distinguished, when 
fresh, by a peculiar and slightly aromatic smell, a good 
deal resembling that of sweetbrier: this gradually gives 
place to a fetid, disagreeable odor, owing to the occur- 
rence of putrefactive decomposition. 

176. Cystic urine is, in most cases, slightly turbid when 
pa^ed, and becomes considerably more so as it cools, the 
cystin being less soluble in the cold liquid. A small 
quantity of the cystin, however, is still held in solution, 
and may be precipitated by adding a little acetic acid to 
the filtered urine. 

SECTION XIX. 

Urine containing Iodine and other Foreign Matters, 

177. When the compounds of iodine, us the iodide'of 
potassium, are taken internally, it is generally found that 
nearly the whole of the iodine is carried off by the kid- 
neys, and may be detected, in some form of combination, 
in the urine. It may readily be identified by adding to 
the secretion a drop or two of yellow nitric acid or very 
weak chlorine water, and then testing with a solution of 
starch; when, if iodine is present, the liquid will assume 
a more or less intense purple i^olor (807, 810). 
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178. Many other substances^ taken into the STStem 
either as food or inedieinallj, pass into the urine on- 
chan^(Hl, and may frequently be distinguished by tbeir 
{Miculiar proi)erti(^. Phis is especially the case with 
many of the ve^table coloring matters^ as those of in- 
di^)/ niiulder, iKK^troot, gamboge^ logwood, <&c. Some 
of thcHC may occasionally give rise to the suspicion of the 
j)r(^en(^ of blcwKl, but their real nature may generally 
1)0 ascertained by examination under the microscope. 

179. I^ides these coloring matters, various other 
snl)stances, I)oth organic and inorganic, are occasionallf 
found in urine. Thus, when any metallic preparation 
has been taken internally, traces of the metal, in some 
state of combination, may usually be found. The inor- 
ganic, and some of the organic acids also, are frequently 
to Ik; detected ; though, when neutral salts of the latter 
have been taken, carbonates of the bases are more usually 
found. In addition to these, the odorous principles of 
many vegetables apjxuir to pass off unchanged m the 
urine, where they may often be recognized by their pecu- 
liar smell. 



CHAPTER V. 

EXAMINATION OF VEINS 

RUSPKCTED TO CONTAIN EITHER AN UNNATURAL PROPORTION OF 

SOME ONE OK MORE OF THE UHUAL INGREDIENTS, 

OR ELHE ROMK ABNORMAL MATTER. 

180. It often liappens, that, owing to some peculiarity 
of color and appearance, cither of the liquid or sedimen- 
tary portion of morbid urine, or from some other circum- 
stance, such as its high specific gravity, we are led to 
form some conjecture as to its real nature. When such 
is the case, one or two well-selected experiments, such as 
those about to be described, will generally be found suffi- 

^ A deposit of indigo has boon found in th« iirino in chhcs ir. 
which that substance had not been taken into the system. 
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cient to decide whether or not the suspected peculiarity 
really exists. When, however, the observer is unable to 
form a tolerably strong opinion as to the nature of the 
urine he is about to examine, he had better proceed to 
test it according to the directions given in Chapter VI. 

SECTION I. 

ExamiruUion of Urine sugpeckd to contain Urea in 
abnormal quantity, 

181. When the presenoe of an excess of urea is eus- 
pect«d, either on account of the high specific gravity of 
the urine (301), or from any other cause, a drop or two 
of the liquid should be placed on a slip of glass, and 
mixed withabout an equal quan- 
tity of pnre colorless nitric acid. Fm. ao. 
If the urea is present in large 
excess, there will probably be a 
deposition of minut«rhomboidal 
crystals of the nitrate in the 
course of a few minutes (Fig. 30), 
and if no trace of crystallization 
is visible to the naked eye, the 
mixture should be examined 
underthemicroscope. Ifnocrys- 
tals appear in the course of half 
an hour or an hour, a few drops 
of the urine may be slightly con- 
centrated by evaporation on a 
slip of glass, at a gentle heat ; Nitrate at urea. 
and, when cool, mixed as before, 

with an equal quantity of nitric acid. Crystals of the 
nitrate will now separate if any considerable quantity of 
urea is contained in the urine ; and from the rapidity 
with which the crystals form, together with their abun- 
dance, the student will be able, after a little practice, to 
form a tolerably accurate opinion as to the relative amount 
of urea present in the urine. If a microscope is not at 
hand, the experiment may be made, though less delicately, 
without it. It must be remembered, that variations in 
the atmospheric temperature affect the crystallization of 
Thia hook is the i'.! 
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thiH salt very matorinlly ; in csold weather, a spocimen of 
urine will iMiiisiMpioiitly ofleii be found to nffbrd an abun- 
dant cn)p of (TvstulH, wliicli, in warm weather, would 
fununli littlo or none. For this reason it is often advira- 
ble to ('ool the mixture artitieially, by immerving the 
^lass (H)ntainin^ it, either in cold water or a freezing 
mixture; whieh hitter may l)c readily mode by mixing 
a little |)oun<led nitnite of ammonia with an equal weight 
of watcT. Th(» nitrie iwUl may very conveniently !» 
added to the urine in a thin wat(*.h-^laMH in which it luus 
bcHin previouHly cooUhI by floating the glass upon water. 
Very brilliant huiflets of the nitrate will be deponited if 
(excess of unui be j>r(*Hent. 

QuanfUaihe J^Jntimailon, of the Urea, 

1 82. Licbi</t< Method, — This is founded on the circum- 
stance that urea in capable of (combining with nitric acid 
and peroxide of mercury, to form a nearly insoluble 
compound (( '2n4N2()2,NOft,4Ilg()), whieh is immediately 
pr(K*.ipit4ited when a solution of uriMi is mixed with a 
solution of nitnite of mercury containing j\o free acid. 
Jiut since tiiis reaction does not take plac^ with the 
bichloride of mercury which is fornuKl, by double decom* 
))()9ition, when the nitrate of mercury in added to urine 
containing chloride of sodium, it is n(UH»Hsary to remove 
the chlorine previ<msly to determining the urt»a; or a 
larger quantity of tlu*. nKTiuiry-solution would be em- 
ploywl than was necessary to pi\H».ipitate the urea. The 
removal of the (;hlorin(^ is ellectcd by means of nitrate of 
silver, its quantity having been previously determined 
by an ingenious application of the princi))le al)ove stated, 
that nitrate of mercury will not precipitiite urea^ in the 
presence of common salt, until a suihcient (iiuintity of 
the m(Tcury-salt has been added to convert all the chlo- 
ride of scKlium into nitrate of soda. 

The test wjlutions nujuired for this purpose are : 

Tiic solution of nitrate of mercury, No. 1, for deter- 
mining the chlorine; 

The soluti(m of nitrates of silv(T for n^moving the 
chlorine; 
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Tho Holution of nitrato of moroury, No. 2, for dotor- 
miniiip; tho urea. 

jh*('parati(m of the solution of NUnUe of Mer&wryy JVo, I , 
employed far (letennmiuf/ ths (lilorine, — Vmv (jryHtaln of 
protonitrate of mertmry are dwHolved in moderately 
Htrong nitrie aeid, and the Holution heated until a maniple 
\» no longer rendered turbid byehloride of sodium; tho 
solution w evaporated, on a water-bath, to a Hvrupy oon- 
w»tenee, and diluted with about ten times jtn bulk of 
water; it \h then Hot anide for twenty-four hourn, and, if 
neeoHsary, flltereil.^ In order to jrmduate tho Holution, it 
it in recjuinite to prepare a Haturatcnl solution of eonmion 
Halt; pure ehloride of sodium (tiolorless rock salt) is pow- 
dered, and digested with water (at the ordinary tempera- 
ture) for twenty-four hours, witli occasional shaking; so 
mu(!h salt must beeniploved that a considerable quantity 
may renniin undissolved/ One hundred and Hfty grain- 
measures of this solution (= 47.70 grs. of chloride of 
sodium) are poured into a small beaker, and mixed with 
45 grs. of a solution of urea (contuining about 4 \wv 
cent, of urm), and with 75 grs. of a cMild saturated 
solution of pure suli)hate of soda ; to this mixture tho 
solution of nitrato or mercury is added, from a burette, 
with constant stirring, until a distinct nrecipitato is per- 
manently formed," The strength of tne mercury-solu- 
tion having been thus ascertained, such a proportion of 
water must be added to it that 100 grain-measures may 
correspond to 1 gr. of chloride of sodium. 

Preparation of the aolutitm of Nitrate of Silver employed 

i An vm\QV prooepn fur tho propHrution of tliU Holution oonsiHtM 
in ftdclinji^ flnely-powdtirod roil oxldo of uuiroury to n^odorntoly 
•trong nitric ttcld, «« lon^ na It U dUHolvod. An ounco of ordlnHry 
nltrlo Roid («p. gr. 1.42) will dlwolvo fi40 gm. of oxldo of moruury, 
find notiy tbon bo dilutod with 62 ountum of wHtor. 

Ono hundrod grAln-niotifiuroH of thU Molutlon eontuln B1,H4 grw. 
of ohlorido of Modiuni. 

• If ftny oryitftUino prooipltwto *hould b« fornu^d, It muy ho rodU- 
Kulvod by Mdding h llttlo wiitor In thU proooHH tho Hulplmui of 
iodii ii Hddod for two nmsonH: flrdtly, htuuiiMH tho (toiiipoiMul of 
nitruto of ntoreury und uroa U \um Holuhlu in wulino HnliitioiiH im 
urlno, for oxHniplo) than in piiro wHt<ii'; und, uooondly, ii» oimIhi' 
tbnt tho froo nitrlo ncdd in thu nitruto of nion-nry nnvy no nHutiul- 
Uod by II portion of tho Hoda from tho Hulplmto, whiun U thunoon- 
vorted* into biMulphiito, 

i» 
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for rcmovimj the Chhrine. — 174.36 j^rs, of fnacd nitrate 
of silver are (lissolvinl in water, and diluted till the solu- 
tion amounts to <)(HK) ^niin-measnreH; 100 ffrain-mcas- 
urcH of this solution an^ cHpial to one gr. of tho chloride. 
IWixtrafion of the mliUion of NUnUv, of Mercury^ No, 2, 
nnphi/i'd for (hierminint/ the Urea. — A solution of nitrate 
of nienniry is pro|MinHl, aivonling to the directions given 
alH)vo, so iVA to contain alM)ut 26 grn. of nitrate of me^ 
(*ur}' in 180 grain-nieasun^. In onlor to p^raduate this 
sohition, 2i) ^i*s. of pure urea arc dissolved in water^and 
dihittnl till the volume of the solution amounts to exactly 
1 (HH) jri^s. ; 1 50 jrniin-measurw of this solution are poured 
into a h(»aker, and the mereury -solution is added from a 
burette till a fvw iln)ps on a wate.h-glass produce a dis- 
tinet yellow (*olor with <Mirl)onate of soda. This should 
he the etise after the addition of «UK) grain-measures of 
th<» menniry solution, hut if the latttjr \h) prepared of the 

alM)vo strength, loss than that quantity 
will he riHpiiriHl, and so much water must 
he added to the solution as will bring it 
U) the proper st4iu(lar<l; thus, sup|>ose 
only 2\H\ grain -nu>asun}s had been used, 
thtMi to every 290 grs. of the solution, 4 
grs. of water must Iw added ; 100 grs. of 
this solution (Htrrespond t^) 1 gr. of urea. 
For tlKi expeditious determination of 
urea in urine, the analyst should l)c pro- 
vi<hMl with the following measures, accu- 
rately gnuluated, for the solutions cm- 
ploy cmI:' 

1. A pifwtte (Fig. 31), with a mark 
upon the tiling indie4iting the level at 
whieh 225 grs. of distilhHl water would 



Fid. 31. Kid. 32. 
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stan<l. This is employcHl for measuring 
the urine aft<T preei pi tuition with baryta. 

A^iMiK^tuv AT»urottc. 2. A burette (Fig. 32), (Mipable of con- 
taining 100 grs. of (ILstilUnl water, for 

the mercurial solution. No. 1. This shouhl be gnidii- 

at(Hl as a(H'unit(»ly as possible. 



» Tln»« iiiny bo (>bt«iiu»d from Nojcrotti & Ziunbni, 11 Uiitton 
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3. A tall narrow glass measure, capable of containing 
1000 grs. of distilled water. 

4. A graduated burette, containing 1000 grs., for the 
mercurial solution, No. 2. 

Having the test solutions ready prepared, it is neces- 
sary, before determining the urea in urine, to remove 
the phosphoric acid, which is effected by means of a 
mixture of 2 vols, of cold saturated baryta-water, and 
1 vol. of a cold saturated solution of nitrate of baryta.^ 
A glass cylinder, of about 1 oz. capacity, is filled to 
overflowing with urine, the excess being made to flow 
off by covering the cylinder with a glass plate; two 
such cylinderfuls are poured into a beaker, and mixed 
with one cylinderful of the baryta solution ; the precipi- 
tate is filtered off, and the amount of chloride of sodium 
contained in 225 grain-measures of the filtrate (= 150 
grs. of urine) is then determined by slightly acidulating 
with nitric acid, and adding the standard solution of 
mercury, No. 1, till the appearance of a cloudiness ; 450 
^rs. more of the filtrate (= 300 grs. of urine), are then 
measured off, acidulated with nitric acid, and mixed with 
a quantity of the standard solution of silver equal to 
twice that of the mercury solution employed in the pre- 
ceding experiment ; the liquid is filtered, and half the 
sum of the mixed liquors is taken for the determination 
of the urea. This quantity (= 150 grs. of urine), is 
poured into a beaker, and the graduated mercurial solu- 
tion, No. 2, added from a burette, with frequent stirring, 
until no further increase of the precipitate is perceptible ; 
to ascertain if suflBcient of the mercury solution has 
been added, a few drops of the turbid liquid are removed 
with a pipette into a watch-glass, and a few drops of car- 
bonate of soda carefully added down the edge of the 
glass f if, after some minutes, the mixture retain its 

1 The former to neutralize the free acid of the urine, the latter to 
decompose the alkaline phosphates. If much ammonia be present 
in the urine, it must be expelled by evaporation, with an excess of 
baryta, on the water-bath, as it would interfere .with the determina- 
tion of the urea. 

^ It is a good plan to place a row of drops of carbonate of soda 
upon a glass plate, and to add, from time to time, a drop of the 
liquid under examination, untit it begins to give a yellow tinge. 
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white color, a further quantity of the mercury solution 
is to l)e added, until a fresh sample exhibits plainly the 
yellow color after the addition of carbouate of soda. 
The number of grains employed is then read off, and 
the amount of urea calculated, 100 grs. of the mercurial 
solution corresponding to one grain of urea.^ 

1 83. The absolute quantity of urea present in urine, 
may also be roughly ascertained by evaporating 1000 
grains of the urine to dryness on a water-bath, in a 
counter])oised porcelain dish, and treating the residue in 
the manner described in paragraphs 52 to 56, or by pre- 
cipitating the concentrated urine (500 grs.) with nitric 
acid (16), and weighing the nitrate after washing with 
very cold water, and drying at 212°. 

183a. A very simple method of determining the pro- 
portion of urea in urine consists in decomposing it by 
oxidation with a solution of chloride of soda (hypochlo- 
rite of soda), and measuring the nitrogen evolved. 

Urea. IIyiM)chlorito 

of H(>da. 



C,H4N,^0,+8(NuO,C10)=2CO,+4IIO-f8NaCl4-N,. 

To prepare the solution of hypochlorite of soda, 600 
grs. of good chloride of lime (bleaching powder) are 
stirre<l with boiling water, filtered, and the residue washed 
once or twice with the boiling water. 1000 grs. of crys- 
tallized carbonate of soda are dissolved in a little water 
and added to the solution, which is then filtered, and 
made up to 20 oz. with water. Before determining the 
urea in urine, the uric acid and some of the nitrogenized 
extractive matters must be precipitated by tribasic acetate 
of lead. 300 grain-measures of urine are mixed with 



^ It has been found that in analyses of urine, when the amount 
of urea is increasing, an error is committed, tending to diminish 
the apparent amount of urea ; in order to remove this error, an 
addition has to be made — for 225 grain-measures of urine, and 
before the test is applied — of 7.5 grs. of water for every 15 grs. of 
solution of mercurv which have beon used over and above 450 grain- 
measures, in a preliminary determination. To obviate an (»rror in 
the op[K>8ite direction, in tlie more dilute urinefi, a deduction has 
to be made of 1.5 grain-measure for every 76 grs. of mercury solu- 
tion used less than 460 grs. 
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tribasic acetate of lead till no fresh precipitate is obtain- 
ed ; the Bolution 18 boiled and filtered, the precipitate 
being washed once or twice with water ;' the filtrate and 
washings are mixed with a solution of 50 grs. of car- 
bonate of soda in a little water, boiled, and again filtered, 
the precipitate being washed as before. One half of the 
cold filtrate and washings is introduced into a flask (ca- 
pable of Jiolding from five to six ounces) which is then 
rapidly filled up to the brim with the aolution of chloride 
of Boda, so that when a cork is inserted, with a narrow 
bent tube for collecting the gas, the tube may be filled 
with the liquid, to the exclusion of air. The fiaek is 
then placed in a water-bath, with the tube dipping beneath 
the water in a pneumatic trough, so that the gas may be 
collected in a tube graduated to fractions of a cubic inch 
(Fig. 33). Heat is then applied to the water-bath, and 




when the evolution of gas begins to slacken, the flask 
itself may be heated with a spirit-lamp until the volume 
of the gas in the graduated tube exhibits no increase 



' If a very rapid determination be required, the mixture con- 
taining ike precipitate may be meHsured before flltriition, and half 
that measure taken for determining the urea, io that the washing 
may be dispensed with. 



102 EXAMINATION OF 

aftvr a minute or two. The flaflk ifi then removed, the 
gni(liuit<Hl tiilx; 8unk, oh iiir as poHsible, in the trough, 
aixl when th(i ten)])(Tature haH fallen to 60^ Fahr., the 
volume of the nitrogen' \h earefully read off', being oor- 
ro<;te<l, by (micuhition, for any (kwiation of the liarometric 
prcwiUHi from thirty inc.luv. 1.549 cubio inches of nitro- 
gen reprcHent 1 gr. of urea.^ 

If ammonia be proi^ent in the urine, itn nitrogen being 
evolved, will inenjane the anpan^nt amount of the urea. 
After the ex])eriment, the lupiid in the flank Hhould be 
teHt(Ml with a little Hulphuric acid, to aHeertain (from the 
evolution of chlorin(i) that an exc^eHH of ehlorido of soda 
waH j)r(»Hent.^ 

I'he Hame ])rineiph^ may be more easily, though less 
aeeunitely, ai)plie<l in the following manner (E. l)avy). 
A nu^jwuring-tube tw(^lve or fourt<»(?n inehes long is pro- 
vided, eoHily cJomkI by the thumb, and gnuluated to tenths 
and hundnKltliM of a eubie ineh. Thin tube is filled rather 
more than one-third full of mereury, an<l a measured 
quantity (50 or 60 grH.) of urine ])oured into it. The 
tube is then (luickly tilled to the brim with solution of 
chloride of soda, closed by the thumb, and inverted under 
a Haturat(id Holution of connnon salt (which, being heav- 
ier than the solution in the tube, prevents its escape) con- 
tained in a small mortar. The tube is allowed to stand 
for throe or four hours, or until the volume of the nitro- 
gen (Upases to increase, and the amount of urea is then 
cahnilatod as above. In this pnxicss, the carbonic acid 
is r(^(4iin(»d by the exc(»8S of chloride of soda employed. 

184. Wlu^n it is susp(»cted that the urea is present in 
smaller (piantity than iu the healthy secretion, or is even 
altogether absent, 2()()()grs. of the urine are to be evaix)- 
rated to dryiuHS on a wat(»r-bath, and the dry resiciue 
well stirred with succ^eiisive small (piantities of al(*x)hol, 
which will dissolve any traces of unja that may l)e pres- 
<!nt. The alcoholic solution is then to Ih\ (ivaporated to 



' Thn carboD'u! ncid hiivitiK boun nttiiiiifd by Ibc Inr^n oxcchm uf 
ciirboimtt) ofHodii (Miiploycd. 
^ Tbin motliod of oHtiiiiHtini; uroH wuh d«*viH<>d by Li*(!()nt<>. 
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dryness on a water-bath, and the residue which it leaves 
is afterwards treated in the manner described in para- 
graphs 341 and 342, in order to separate the whole of 
the urea, which may, if necessary, be weighed. 

SECTION II. 

Examination of Urine suspected to contain Uric (or 
Lithio) Acid in abnormal qaaniiiy, 

185. When urine is suspected to contain an excess of 
uric acid, it may be examined in the following manner. 
Pour off the clear liquid from any solid deposit that may 
have subsided to the bottom, and retain both the solid 
and liquid portions for examination. 

186. A little of the sediment is placed on a slip of 
glass, and examined under the microscope ; when, if uric 
acid is present in it, either alone, or mixed with the 
amorphous or rounded particles of urate of ammonia 
(193), or other matters, it may be distinguished by its 
peculiar crystalline forms, most of the modifications of 
which are shown in the annexed figure (Fig. 34J. 

187. If the sediment consists of uric acid, it will prove 
insoluble when the liquid is warmed. If urate of am- 
monia is also present, however, the latter will readily 
dissolve on the application of heat (192), leaving the 
crystalline uric acid unaffected. 

188. Uric acid sediment is insoluble in dilute hydro- 
chloric and acetic acids, but dissolves readily in a solu- 
tion of potash, owing to the formation of the soluble 
urate of potash (22). 

189. When uric acid is moistened with a little tolera- 
bly strong nitric acid, and the residue, after evaporaticm 
at a genue heat, is treated, when cold, with a drop or 
two of ammonia, or exposed to ammoniac4il fumes, a 
beautiful purple color is developed, owing to the forma- 
tion of murexide (23). 

190. The clear urine, separated from the uric acid 
sediment (185), being still saturated with the acid, the 
latter may be gradually precipitated by adding a few 
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(IropMof nitrioor hydroohlo- 
ni: uoid. The uric iicid thus 
prtiuipitatetl lutiiaUy luui the 
ur^'HtiiUiiie ibriim Hhown id 
Uiu iip|H!r uiid middle part 
ut' tlio fifi;urc. 

lyi. When a dctioicni^ 
of urio mid ih suspected, the 
bust way of ftscortainiDg 
whtttlior ur not audi Ih the 
atinK, in tu filtur one or two 
ttiouriitiiclgruinij of tlie urine, 
ia owler to He{mnitc the 
niiiinis and any other solid 
iiiiittt^r whiisli it may oon- 
Uiin, utiil wliitth may be 8^ 
piirately exaiuined for uric 
iieid under the microaoope 
(18(f), or with nitric acid 
iiiid aniinnniu (189). The 
llll^in^l urine is then cvapo- 
i-iitul nearly to dryness, on & 
water-ltiitli, and the residue 
dijif^twl with dilnto hydro- 
(tlilorie iieii], eontjiiiiin}; one 
]iiirt of Htroii^ acid to eiglit 
or tM\ of water. Any uric 
lu^ld tlittt may l)e prcHent 
will tlniH l)e Idl luidiMolved, 
uud niiiy 1h^ exnniiiied under 
the inierosfsipe, or <)tlior- 
wiHe; and if neoeaaary, 
wcighwl, after l)*!in|; first 
ilrii-d at ii temiH-rature of 
'2\2" nil 11 wattu'-lMitli. 

SKCTION Hi. 

MxamhuUitm of Ifriitc mtHfterU-d to itnifaiii an ej-ivan of 

Ih-aie. {or LitLit,-) of Aiavmila. 

1!)2. Wlion a xi^liinent is ttuKpet^^^d to itoiiHJHt, eltlier 

wliolly or partially, of uratt- of Hinmoiiia, a little of the 
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urino contniiiiiiK it in to ho warnjed over a Hpirit-larnp. 
If it oonniHtH of uraU^ of* arrunoniu uiunixod with othor 
iimtterH, it will roiulily diHHolve iw tho li<|ui<l l)0(V)rnoH 
warm, and, on (U)olinjr, will be again pre(;ii)itat(^d. When 

Surpurin in prcnent (104), the nrate will j)robably not 
iHHolvo quite ho rea<lily on the applieation of heat an 
when it in unmixed with eoloring matter. 

lOJ). Under the miero«eoi)e, urate of ammonia appears 
m an amorphouH powder, rre(|U(!ntly intersper8oa with 
minute round narticleH lari^er than the rent. Home of which 
are oetmHionaliy found adherinj; ('lont^ly together. (See 
Fig. 11, i)aragrai)h 91.) More rarely, it in found in the 
form of large manneH, eonUvining npieuho (Fig. 12, para- 
graph 92). 

194. It nuiHt be remembered that phoHphate-of-lime 
Hcdiment UHuallv han a very nimilar appcuiranee under 
the mieroHcope (108), and may eonneciuently be mintaken 
for urate of ammonia, if the mi(To- 

Bcopie api)earanee alone be relied fm. as. 

upon. All that in neee^wHary, in q ^^. £w^ 

order to dintinguinh between them, fjjj ^ H/!\\ 

in to add a drop of dilute hydro- ^^ '(1/|^ 

chloric acid to a little of the de- f^/k^ ^^^^ 

l>oH\t on a nlip of ghwH. I f it ecm- ''^^ 

HintH of phoHphate of lime, it will 

iuHtantly dinnolve on the addition 

of the acid (49, i\22) ; whih^, if urate 

of ammonia, it will l>ea(?ted on much I'rio aow. 

more nlowly, and in a nhort tinie 

minute cryntaln of uric ami (Fig. JJC] will gradually 

appear, having been diHpla<H'<l from tlie urat(^ by the 

action of the hydrochloric imd (190). 

195, Wlicn uri(? a<nd cot^xiHtH in a Hodimc^nt with urate 
of ammonia, which in of vtuy conunon oc(unT(ii('c, it 
may be <liHtinguiHhed under the mic^roHconc, by itn cpvh- 
talline forniH TlHO). The uric ucid would alno* b(^ left 
undiHHolved wluui the liipiid in wann(Hl,and may then if 
necoHHary, be Hcparatcd by nitration, an(Uurth(U'(^xaniin(!d. 

190. iTratc of ammonia deponitH are not unfrccjucntly 
found mixed with the mrthy phonphatcH, CHpei^ially when 
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th(^ iirino has At »1) an alkaline reaction. These will be 
\vi\ undissoIviMl when the liquid is warmed, and maybe 
cxainiiUHl uiuUt tho niicroscope, and tested with dilate 
hydrochloric acid (317, 322). 

107. When albumen is present in urine containing a 
seiliniont whi(*h i8sup|K)scd to consist of urate of ammonia, 
it may, by <H>agulating when heated, disguise the solubility 
of the urate, and thus lead to an erroneous opinion as to 
th(^ nature of the deposit. If, however, the heat be applied 
very gradually, the urate of ammonia will be found to 
dissolve some time before any of the albumen coagulates; 
so that, with care, this source of error may be avoided. 
Or if the urine has bwn inadvertently allowed to boil, 
and a ])recipitati(m of albumen has taken place, the liquid 
may be filtcTtHl, while hot, and the clear filtered solution 
will, on cooling, again deposit the urate of ammonia; 
which may then, if nect>s8ary, be further examined (94, 
192). 

198. If pus or mucus be contained in the sediment, 
together with urate of ammonia, the urine will not become 
perfectly clear on the application of heat ; nor will those 
substances dissolve on the addition of dilute hydrodiloric 
acid. They may, however, be distinguished with the aid 
of the micToscope (328, 329). 

199. When it is rcquireil to estimate the quanti^ of 
unite of ammonia in a urinary sediment, a portion of the 
latter, derived from a known quantity of the secretion, is 
to be boiled with water, and filtered while hot ; when the 
soluble urate will be separated from any uric acid, earthy 
phosphates, &c., that may be also present with it. The 
solution is then concentrated by evaix)ration at a gentle 
heat, and allowed to cool ; when the urate of ammonia 
will agjiin sepamte in the solid form, and after drying 
on a water-bath, may be weighed. 

SECTION IV. 

KvainiruUion of Urine HU^pcded to contain Untie [or 

lAthate) of Hoda, 

200. When gently warme<l, the deposit dissolves, like 
urate of ammonia, and reprecipitates on cooling. 




o 
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201. Under the microscope, it usually appears in the 
form of small circular, and sometimes semi-crystalline 
grains, covered occasionally with irregularly formed spic- 
ulee, or granular protuberances, as shown in Fig. 13, 
paragraph 96. 

202. When ignited before the blowpipe on platinum- 
foil, it leaves an abundant white fusible residue of car- 
bonate of soda, which is readily soluble in water, forming 
a solution which is strongly alkaline to test-paper. 

203. If the ignited residue be treated, on a slip of glass, 
with a drop of dilute hydrochloric 

acid, it dissolves with effervescence, Fio.se. 

forming chloride of sodium ; which, if <^ ^ • 

the liquid be expelled by gentle evap- ^^^ a [S ^ 

oration, is gradually deposited in mi- ^ O^ ^ 

nute cubical crystals, on the glass, and -« i^ nn 

may be easily recognized with a lens © ^ 13 

or a microscope (Fig. 36). O ^ ^ ^ 

204. When a little of the deposit cLioride of sodium. 
previous to ignition, is placed in a drop 

of nitric acid on a slip of glass, and the residue, after 
evaporation, treated with a little ammonia, in the manner 
described in paragraph 23, a purple color is developed, 
similar to that caused under the same circumstances, 
with uric acid and urate of ammonia. 

205. Urate of soda may be distinguished from urate 
of ammonia, which in chemical properties it much re- 
sembles, by its microscopic appearance (91, '96); by not 
being entirely dissipated by ignition (202, 375) ; by giv- 
ing no ammoniacal fumes when warmed with a solution 
of potash (377) ; and by the ignited residue yielding, 
with hydrochloric acid, cubical crystals of chloride of 
sodium (203). 

SECTION V. 

Examination of Urine suspected to contain an excess of 

Hippuric Acid, 

206. When urine is suspected- to contain an excess of 
hippuric acid, an ounce or so of the liquid is evaporated 
on a water-bath to the consistence of a syrup ; which is 
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thou mixed with alnrnt half its bulk of strong hydro- 
chloric acid. 

Tho mixture is set aside, and examined aflcr the lapee 
of a few houi*s. If any considerable excess of hippuric 
a(U(l is present, it will gradually ciystallize at the bottom 
of the dish, in Ane tutb^ of necclle-like crystals, often 
(^olonnl pink hy the a<lmixturc of purpuriu, and having 
the form shown at o, Fig. 37. 

Fl(».87. 




Ilippuric Acid. 

207. If the aeid is present in smaller quantity, there 
may Ik^ merely a few detached mieros(5opie needle-like or 
brand i(d crystals, deposited here and there upon the 
gUuss, as shown at b in the figure. 

208. Hippuric acid is raidily soluble in alcohol ; the 
alcoholic solution leiiving, afler eva])oration, a crystal- 
line residue, whic^h has usually the appearance shown at 
c. Fig. 37. 

209. It is nearly insoluble in (;old water, but readily 
soluble in hot. On cxtoling, the aqueous solution de- 
posits the tu;id in well-defin<Kl jirismatic crystals, which 
are either dctache<l, as in d (Fig. 37), or in tufts, as shown 
at a, Tluvse crystals form very beautiful objects under 
the microscoi>e ; and when examinwl with polarized light, 
develop colors of great variety and brilliancy. 

SECTION VI. 

Examination of Urim* HU^peded h contain an ca'ce^s of 

Mmim, 

210. Muccms urine always dei)ositH a viscid, timacious 
mass, having an alkaline reaction (KX)), and consisting 



MORBID URINB. 109 

chiefly of mucus, often mixed with the earthy phos- 

E hates, oxalate of lime, and other matters. If the urine 
e shaken the deposit docs not again mix uniformly 
with the liquid, but remains cohering in ropy masses, 
which are very characteristic. 

211. When, owing to the admixture of a large quan- 
tity of earthy phosphates, the deposit has no longer the 
property of cohering together, the microscope must be 
resorted to, in order to acterminc whether or not much 
mucus is present; the appearance and abundance of the 
peculiar granular corpuscles (315, 328), furnishing a 
rough index of the quantity present. 

212. It is possible that pus may also be present, in 
which case, unless in very small quantity, it may gener- 
ally be detected in the manner described further on 
(247, 258), wliere will be found the means of distinguish- 

• ing between pus and mucus. 

213. If it IS wished to determine the amount of mucus 
contained in a deposit, in which it is mixed with earthy 
phosphates, urates, &c., the sediment must be filtered, 
and washed with a little boiling water, in order, to dis- 
solve out the urates ; it may then bo treated with a little 
very dilute hydrochloric acid, which will dissolve out 
the earthy phosphates, when the residue of mucus may, 
after careful washing and drying on a water-bath or m 
a hot-water oven, be weighed. 

SECTION VII. 

Examination of Urine mspeeted to contain an abnormal 
proportion of Extractive Matter, 

214. It is often of some importance to be able to 
identify the presence of an excess of the i)eculiar yellow 
coloring matter, of which the bulk of the extractive 
matter of urine appears to consist; and also that of 
purpurin, which is probably a morbid modification of 
the yellow substan(!e. 

Yellow Coloring Matter, 

215. An excess of the yellow coloring matter may be 
recognized by boiling a little of the suspected uriru^, and 
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then addiiip^ to it a few drops of hydrochloric acid. A 
more or less iiiteiiHC rc<l color is in this way produced; 
th(i inteiiHJty of the color indicating the comparati^ 
amount of tho yellow coloring matter present. In healthy 
urine, a faint lihu; or pinkish tint only is caused by the 
hydro(^hlori(! m'id ; while, if the coloring matter is in 
large excess, an exceedingly intense crimson is produced. 

Purpurin. 

210. The prenence of purpurin, or the red coloring 
matter ho often met with in cases even of very slight de- 
rangem(»nt of the system, is easily ascertained. Owing 
to its solubility in water or urine, it is never met witn 
as a deposit per ate, 

217. Purpurin, however, has a remarkable tendencj 
to unite with urate of ammonia (104), and whenever a 
deposit of that substance is formed in urine containing' 
purpurin, the latter is invariably precipitated with it, 
giving the sediment, which would otherwise be white, 
or nearly so, a more or less decided pink or red color. 
When purpurin is present in a deposit of urate of am- 
monia, the latter is not so easily soluble in hot water, 
so that the red deposit does not disappear so readily on 
the application of heat, as when no purpurin is present 
(94). 

218. If a deposit of urates, colored with purpurin, be 
digested in warm dilute alcohol, the purpurin will dis- 
solve, leaving the deposit nearly colorless, and forming 
a solution of a yellowish-pink color. 

219. Urine containing purpurin, when no excess of 
urates is present, has a more or less decided pink or red 
color, which may appear at first sight very similar to 
blood. 

220. Purpurin maybe distinguished from blood, when 
present in a sediment, by microscopic examination, when 
the true nature of the uric deposit will be at once appar- 
ent (318, 323), together with the absence of blood-disks 
(330). When treated with warm alcohol also, the color- 
ing matter will be dissolved out (218). 

221. Purpurin when contain<Kl in solution in urine, 
may be precipitated by adding a little warm aqueous 
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solution of urate of ammonia, which will, on cooling, 
separate from the liquid, carrying with it nearly the 
whole of the coloring niatter, forming a pink deposit, 
and leaving the urine nearly colorless (217). 

SECTioK vni. 

lamination of Urine suspected to contain an abnormal 
proportion of Fixed Alkaline Salts, 

222. When an excess or deficiency of any of the fixed 
alkaline salts is suspected to be present, a known weight 
of the urine may be taken, from which the proportion of 
the substance in question is estimated in the manner de- 
scribed in Chapter II, paragraphs 66 to 84. 

SECTIOK IX. 

Examination of Urine suspected to contain an ahnormai 
proportion of Earthy Phosphates. 

223. If the suspected urine is neutral or alkaline to 
test-paper, a sediment of earthy phosphates may be pre- 
cipitated even in cases where they do not exist in larger 
proportion than in the healthy secretion ; so that the 
mere occurrence of a small phosphatic deposit is not 
necessarily a proof of their excess (107). 

224. On warming the urine, the sediment, if phos- 
phatic, remains undissolved (94, 229).^ 

225. The earthy phosphates are readily soluble in most 
of the dilute acids, especially hydrochloric, nitric, and 
acetic. 

226. If the acid solution thus formed be neutralized 
or supersaturated with ammonia, the earthy phosphates 
are immediately reprecipitated (496). 

227. They are quite insoluble in potash, ammonia, 
and the alkaline carbonates (49c). 

227a. When collected on a filter, washed with water, 
and moistened with nitrate of silver, the earthy phos- 
phates assume a bright yellow color. 

^ If the urine contains albumen, the deposit must be filtered off 
and washed before being tested. 
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'>-2X. A <li'in>Hit of partliy phosphates may generally l« 
immediately recognizra under the 
muroacope. The crystalline forms 
of the triple raogneeian phosphate 
Iinvt beGiialreadyQoticea(44),aiid 
these are oilcu mixed with the 
luitorphous phosphate of lime^Fig. 
■J8 ) If a ilrop of dilute hydro- 
(hlonc or acetic acid be anded, 
\v)iilc the sediment is in the field 
of the microscope, the crystals vill 
Mii'd II ipiaus Ik -tccu rapidly todiasolve, leav- 

ing the liquid clear, unless uric 
at 1(1 or some other matt<i iii8«)luble in the acid be also 
{irc><iit 111 till (Itjiosit 

229 >V liLii nrme, contannng in solution an excess of 
curtli} pliosphattt^, is boiled, a jiortion of them is usually 
))reeii>it4it('<l, giving the li<)uid a turbid appearance, re- 
sciiil)ling tlio eoagiilation of a suiall trace of albumen 
under ttiniilar oircumstaai«s (49, 139). It may readily 
1« diHtiiigiiiHli(xl from albumen, by adding a drop or two 
of dilute nitrie or hydroi^liioric acid, which will imme- 
diately redisHolve the [ircoipitato, if it consists of phos- 
pliiittiM, l>ut if albuminous, will not affect it. When the 
precipitate i» found to dissolve on the addition of tJie 
first dn)j»s of nciid, it is advisjible, before concluding tliat 
albumen is not present, to acidify the mixture more 
Btnmgly, since thccoagulum of albumen, when veiy small 
ill yuantity, occaKionally dissolves on the first application 
of acid, but is wholly reprccipitated on tlie addition of a 
few drojis more of the acid (140-143). 

230. If the absuicc or a (fcfieiency of the earthy phos- 
phate IS Biispeetod, the urine may bo treated with a 
sliglit cxttess of ammonia, when, if no precipitate occurs, 
it may be inferred tlrnt they are either altogether absent 
or else present in very small quantity. 

231. In order to ascertiiin, in such a case, whether or 
not any tnu-cs of tliom are present, a pint or two of the 
urine may be evnponitcd to drvness, and the residue, 
after incineration, dige8te<l with dilute IiydnK'hlorie acid, 
which will dissolve out the earthy salts, if any are present. 
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The acid solution thus obtained is then filtered, and 
supersaturated with ammonia, when, if any earthy phos- 
phates are present, they will be thrown down in the form 
of a white precipitate (496). 

Quantitative determination of the Earthy Phosphates, 

232. When it is required to estimate the proportion 
of earthy phosphates in a deposit containing uric acid 
and other matters, a portion of the sediment, derived 
from a known quantity of urine, is first washed with a 
dilute solution of ammonia, and then digested with di- 
lute hydrochloric acid, until the latter ceases to dissolve 
anything further. The acid solution of the earthy salts, 
thus obtained, is separated from the insoluble matter by 
filtration, and then supersaturated with ammonia, which 
will throw down the whole of the earthy phosphates. 
The mixture after standing a short time, to allow the 
magnesian phosphates wholly to separate, is to be filter- 
ed ; and the precipitate, after drying at a gentle heat, is 
to be weighed, when its weight will represent the amount 
of deposited earthy phosphates in the quantity of urine 
from which it was derived. 

SECTION X. 
Examination of Urine suspected to contain Sugar. 

233. When urine is suspected to contain sugar, it may 
be examined l^y paragraphs 122 to 130. If any white 
scum or sediment is present, it should also be examined 
for the torula vesicles, under the microscope (132). 

234. The method of estimating the quantity of sugar 
contained in diabetic urine will be fully described in 
Chapter VII. 

SECTION XI. 

Examination of Urine suspected to contain Albumen, 

235. A little of the suspected urine is to be gently 
boiled in a test-tube. If any albumen is present, it will 
be coagulated, forming a more or less copious white de- 
posit in the liquid. The precautions necessary for the 

10 
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Hiu*coss of thin cx]>eriment have been already noticed in 
)>ani^ni|)hs 1«^9 to 143. 

28<i. To another portion of the urine add a fewdrope 
of nitrite acid, observing the precautions mentioned in 
])ara^raph 143. If a precipitate or milkiness be pro- 
(hiciHl by the acid, and also by boiling (235)^ the presence 
of aUmineii in the urine may be considered certain (141). 

237. The projwrtion of albumen in urine may be es- 
tiinat(»<l witli tolerable accuracy by boiling a known 
(|iiantity of the secretion, and separating the coaffulnm 
by iiltration ; the insoluble matter is then washed with 
a little dilute nitric or hydrochloric acid^ in order to dis- 
solve* out any earthy phosphates that may have been 
j>re(Mpitated (140), dried on a chloride of calcium bath, 
at a t(;iup(Tature of 240° or 250®, and weighed. 

238. If tlu; quantity of albumen is so small as not to 
form a tolerably dcicided coagulum when boiled, but only 
to render the licjuid opales(jent, it will be hardly neces- 
sary to proceed with tlie quantitative determination. 

239. The metlKxl of making a complete quantitative 
analysis of albuminous urine will be fully described in 
(;haj)U^r VIT. 

SECTION XII. 

Examination of Urine suspected to contain Stood, 

240. When, from its peculiar red or brown color, or 
from other circumstances, the presence of blood is sus- 
pccited in urine, it may first be examined under the mi- 
croscope for any blood-corpuscles that may be contained 
in it (14(5). If no coagula have separated (146), the 
liquid should be allowed to repose for a short time, in 
order to let the corpascles subside to the bottom ; and 

. a drop then tiiken from the bottom of the vessel will 
generally be found to contain an abundancxi of the cor- 
puscles, more or less modified in form and appearance 
(456). 

241. When so much blood is present as to give the 
urine a decidedly red color, it will probably be unnecessary 
to wait for the subsidence* of the corpuscles ; and a drop 
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of the liquid taken indiscriminately will usually be found 
to contain sufficient for microscopic examination*. 

242. If the blood has coagulated, either in the bladder 
or subsequent to emission, it is most probable that the 
greater portion of the blood-corpuscles will have been 
entangled in the coagula, and may be forced out by gentle 
pressure under a strip of thin glass, so as to be made 
visible with the help of the microscope. 

243. The urine should also be tested for albumen by 
heat and nitric acid, in the manner already described 
(139-143). The coagulated albumen will probably, in 
this case, be more or less highly colored, owing to the 

fresence of the coloring matter of the blood (147, 455). 
f the urine already contains coagula, or other solid 
matter, it should be separated from them by filtration, 
before being tested for albumen ; as their presence would 
tend to mask the appearance of coagulation. 

244. If the urine contains much blood, it may prob- 
ably become spontaneously gelatinous, owing to the 
coagulation of the dissolved fibrin (145, 448). This 
coagulum should be examined under the microscope, 
since a somewhat similar gelatinous character might be 
occasioned by the presence of a considei*able quantity of 
mucus (101) ; or, if the urine be alkaline, of pus (251, 
680). The coagulum of fibrin, when pressed between 
glasses, is usually found to be composed of minute 
amorphous particles, with a few red blood-corpuscles ; 
quite different in character from the granular mucus- 
oorpuscles (146, 328). 

245. Urine containing bile or purpurin (148, 104), 
has sometimes nearly the same color and appearance as 
when blood is present, and may, without care, be inad- 
vertently mistaken for it. If no trace of blood-corpus- 
cles can be detected under the microscope, we should, 
before deciding that blood is present, prove that the 
color of the secretion is not due to purpurin, or biliary 
matter, by applying the tests described for the detection 
of those substances, in paragraphs 219-221, 246, &c. 
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^KCTIOX XIIL 

Km ml nation of I'rine HU^jHvtttl to contain Biliary 

Matter. 

"2\{\, Wlion urino is susjHvttxl to contain biliary mat- 
tiT, it may Ik* oxaniineil bv Pottonkofer's and Heller's 
tests, iIositiIkhI in ixinigraphs 149 and 151 . If these 
tail to atloixl in(lic*;itions of it in the urine^ the latter 
should Ih» oontvntnittHl bv ova|H>ration on a water-both, 
and tlio sti*onjj a<]U(H>us or alcoholic solution of the evapo- 
rattnl residue aj::aiu tostixl (150), 

SECTION XIV. 
l\xamliut(!on of l^iiw ttuajhvtetl to contain P%ui. 

21 7. Wlicu pus is iH>ntaiiUHl in urine, unniixod with 
any i*onsidcniblc quantity of mucus, it may readily be 
distinjruisluHl under the mienvs(H>|>e by its containing the 
[Hvuliar nueleatinl pus-granuliv< (15.*^, 678). These par- 
tieliv, when tlie urine is allowinl to stand a short time, 
jrnidually suliside to the bottom of the liquid ; and when 
shakeu, again mix ivadily with the urine, in which 
ivs|Hvt a deposit of pus differs t^sentially fn>m one of 
umeus ; (he hitter forming, on agitation, tenacious ropy 
mass(»s, which do not again mix uniformly with v^e 
liquid (m)). 

2 18. As purnhMit (K^posits fix^iuently appear to the 
nal\(Hl eye very simihir to those of the earthy phosphatCB, 
(1(H)), and as it is often diflicuU to distinguish Iwtwecn 
pus and mu(uis when they <*oexist in a sjHHMmen of urine, 
1 will mention the nioiv characteristic tests by which 
purulent deposits may Ik» most ivadily identifitHi. 

24 J). It must be n^nuunlM^nnl that the form and general 
ap|)earancc of the j>us- and nuicus-corj>uscU>s vary (H)n- 
si(lerably under diflerent pathological conditions of the 
paticMit; so that it is Jiot nnirequcntly im|M>ssible to 
distinguish between th(»m. Tlu* granul(»s of j)us ap|>car, 
indwd, to be identical with those of mucus ; (he ditter- 
enc(i between the two substauces being in the com|M)si- 
ticm of the fluid in which the |mrticles float (661, 676). 
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250. Under the microscope, with a power of about 400 
diameters, the pus-granules 
have the appearance repre- 
sented at a, Fig. 39 ; and on @a^% OOOO 

the addition oi a httle dilute ^^^ ^^ ^^. ^ 



acetic acid, they become much A^® ^*^@ ^ * ® 
more transparent, and in each ^^9 @ ^ i%a^ O 
corpuscle one or more internal ^ ^ ^ " V © 
nuclei are rendered visible, Pus-oranuies. 

having the appearance shown 

at b in the figure. The granule of pus will be found to 
float about freely in the liquid (678, 156). 

251. When the urine is alkaline, the character of the 
pus contained in it is different; being then thick and 
gelatinous, closely resembling mucus (680). 

252. The granules of mucus present almost precisely 
the same appearance under the microscope as those of 
pus, but are usually, perhaps, rather smaller, and less 
distinctly granular on the surface. The addition of dilute 
acetic acid renders visible the interior nuclei, as in the 
case of pus (250). The acid, however, coagulates the 
fluid portion of the mucus, owing, probably, to the pre- 
cipitation of the mucin, before held in solution by a small 
quantity of alkali (663). In the case of urine containing 
only a small quantity of mucus, it is uncertain whether 
this phenomenon of coagulation will be seen, on account 
of the dilution of the mucus fluid, and also because the 
coagulation may have been already occasioned by the 
presence of the large quantity of water (663). When, 
however, the quantity of mucus is tolerably abundant 
the coagulation by acetic acid furnishes a very character- 
istic reaction. 

253. The earthy phosphates, which to the naked eye 
sometimes closely resemble pus, may be at once distin- 
guished under the microscope by their crystalline form 
(43), and also by being readily soluble on the addition 
of dilute acetic acid (228). 

254. The liquor puris, in which the pus-granules float, 
always contains albumen in solution (676). This may be 
readily detected by the tests of heat and nitric acid, 
already described (139) ; unless, indeed, the quantity of 
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uriiH* is so lar^, compared with that of the pus contained 
ill it, as to have nMuloro<l it too dilute. 

255. The fluid |)ortion of mucus, on the contrary, con- 
tains no albumen, or merely a minute trace (663), and 
cons(HiuentIy when diluted with urine undergoes no 
oojijrulation when heateil, or tested with nitric acid. It 
is, however, very possible that urine containing an exoeas 
of mueus, and no pus, may also contain albumen; so 
that tlu- mow presence of albumen in the secretion is not 
n(HH»ssarily a jmH>f of the presence of pus (101). 

2i)(\. A eiMlain quantity of fatty matter, readily soluble 
in ether, is always present in pus (676, 678), but seldom, 
and in nuieh smaller proportion, in mucus (663). If, 
theix^lbre, the dejmsit, or the residue after evaporation, be 
boiUnl with a little ether, and the ethereal solution thus 
obtained is found to yield, on evaporation, small globules 
of yellowish fat, it is probable that pus is present. 

257. A dej>asit of pus, when treated with a solution 
of ammonia or potash, becomes converted into a thick 
gelatinous ma^js, often suificiently tenacious to allow the 
tube t'ontaining it to be inverted without any of the 
mixture flowing out. This reaction is very characteristic 

258. Urine (^)ntuining pus is most commonly either 
neutral or slightly acid, and becomes alkaline very 
slowly. Mucous urine, on the contrary, even if acid 
when it is paascd, quickly becomes ammoniacal, and alka- 
line to test-paper (100). Tubercular matter deposited in 
the urine might at first be mistaken for pus; a minute 
examination, however, will show d6bris of cells, and 
sometimes crystals of cholesterin. . 

SECTION XV. 

Examination of Urine suspected to contain Fai or Chylous 

Matter, 

259. Urine suspected to contain fat, may be examined 
with a tolerable high j>ower under the microscoj)e, when 
it is occiLsionally found to e^>ntain minute oil-globules 
(168, 325). This, however, is not always the ease; so 
that the best way of i>roving the presenex^ of fatty matter, 
is to agitate a little of the suspected urine with about half 
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its bulk of ether ; which will separate the fat from the 
watery fluid, forming, usually, a yellowish solution, which 
gradually rises to the surface. The ethereal solution 
thus obte-ined may then be cautiously evaporated on a 
water-bath, when the fat or oily matter will, if present, 
be left behind ; and may, if necessary, be tested as to its 
oily nature, by shaking up with hot water ; when, if oil 
or fiit, it will break up into minute globules, immiscible 
with the water (158). 

260. Chylous urine is usually so peculiar in appearance 
that it can hardly be mistaken for any other morbid con- 
dition of the secretion. Under the microscope, it appears 
to be chiefly composed of amorphous albuminous matter 
in a minute state of division, mixed occasionally with 
globules resembling those found in the lymph and chyle. 
On agitation with ether, it will yield abundant traces of 
fatty matter, and distinct oily globules may occasionally 
be distinguished. 

261. This form of urine always contains albumen in 
solution. A portion of this, or more probably a little 
soluble fibrin (145), not unfrequently coagulates spon- 
taneously after emission, giving the urine a gelatinous or 
semi-solid consistence. The presence of albumen may 
be shown by applying to the urine, rendered clear by 
filtration, the tests of heat and nitric acid (235). 

262. If it is required to ascertain the quantity of fatty 
matter in any specimen of urine, a known weight of the 
secretion may be agitated with successive small quantities 
of ether; and the ethereal solution thus obtained will 
leave, after evaporation, the fatty matter which it had 
dissolved. This is to be dried on a water-bath until it 
ceases to lose weight. 

SECTIOK XVI. 
JExaminaMon of Urine suspected to contain Semen, 

263. Microscopic examination is the only trustworthy 
means of determining whether or not any traces of semen 
are contained in urine. The urine should be well shaken, 
and then left to stand a short time, in order to allow the 
flooouli of mucus and spermatozoa to subside. The greater 
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part nf the fliii<i is then {Mnircd oft, and n drop oontaining 
tlit*siHliin<*nt,tak(Mi (nnn thol)ottom, and oxaniincd under 
tlir inirr(is(Hi|ii\\vith a mapiiiVin^ IK)wor of at least four 
or Wvv IniiKlnNi dianioterH. It senien \h present, the spe^ 
iiiatD/tK) always iiintaineil in that secretion will then be 
visililr (1()(M, tnji:<»thor, prolwibly, with the peculiar semi- 
nal p-aiiult's also found in the Ri>crniatic fluids (161). 

'J(» I. 'rra(H'sofall)nnuMi,also,niay^nenilly bcdctccted 
in srniinal urine, l)v t\w applic^itiou of heat and nitric acid 

SECTION XVII. 
K,vamii\tttinu of I ^rhw HUHpccttfl to contain Oxahiteof Limfn 

*J<»'). Wh<*n t\\v pivsencHi of oxalate of lime ih suRpccted, 
tlir urinr should Ih' allowed to stand some little time, in 
order that the s(*<liniout may |)artially Hubside. A little 
ot'the li<|Uor taken fi*oni the bottom of the vessel is tlien 
treate<l in the manner des(*rilHHl in ])aragrapli 104, and 
examined under the mieros(^)|K^ ; when^ if present, the 
oxalate will he seen in the form of oi^tiUierlrul crystals 
(KX), n>8), or of the dumb-l)oll shape. 

2()(). Oxalate of lime is insoluble in luxitic acid, but 
dissolves without el1erv(»seeuee in dilute hydrochloric 
aeid^and is a^ain piHK'ipitatcd unehan^Hl, when the acid 
solution is neutralized or supei*saturat(Hl with ammonia 
or |H)tash. 

2i'u, If the oxalate of lime deposit 1k» gently icrnitcd, 
and the resitlue after ignition trt»ati»<l with dilute* hydro- 
ehlorie acid, it will be found to dissolve with ctfervesccnoe, 
having: lu'en eouvertinl, during igniti(m, into the carbo- 
nate of lime (:i!)iO. 

2i\H, When it is reijuind to estimate* the amount of 
oxalate of lime se<liment, it uiay, if unmixcnl with other 
deposits, Im' separated byfdtration from a known quantity 
of urine, and weiglMHl. WhcMi mixcHl with enrthy phos- 
phates or urates, the <leposit, after filtratitm, may l>e 
washed with a litth* dilute ae<'tie iUMd to dissolve (Uit the 
phosphat(*s (!!)/!») ; the nn'xtuiv is then iiltere<l, and the 
insolubh; portion digest-tnl in dilutv hydroehloric acid, 
whi(*.h will <lissolvetluu)xalate of lime, leaving undi.S(K>lved 
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any uric acid that may be present. The acid solution is 
then filtered, if necessary, and supersaturated with am- 
monia ; by which the oxalate will be again precipitated. 
It may then be collected on a weighed filter, dried on a 
water-bath, and weighed. 

SECTIOK XYIII. 
Examination of Urine suspected to contain Oystin} 

269. The presence of cystin may generally be identi- 
fied by means of the microscope (172), especially after 
the deposit has been dissolved in ammonia, and allowed 
to crystallize, either spontaneously or with the aid of a 
very gentle heat, from the ammoniacal solution (270). 

270. Treat a portion of the suspected deposit with a 
little solution of ammonia ; if it is cystin, it will be found 
readily to dissolve. Place a drop of the ammoniacal 
liquid on a strip of glass, and allow it to evaporate spon- 
taneously. The peculiar hexagonal tabular crystals of 
cystin thus obtained, are very characteristic (173). 

271. Neutralize the rest of the ammoniacal solution 
formed in 270 with acetic acid; the cystin, if present, 
will be precipitated (174). 

272. Cystin may be distinguished from urate of am- 
monia, which it often closely resembles in external ap- 
pearance, by being insoluble, or nearly so, when the urine 
containing it is warmed ; while urate of ammonia readily 
dissolves (172, 94). 

273. It may be distinguished from the earthy phos- 
phates by its insolubility in acetic acid (174); by its ap- 
pearance under the microscope (317, 320); and also by 
its ready solubility in ammonia (173). From chloride 
of sodium, cystin may be distinguished by its sparing 
solubility in water (173). 

274. If cystin be boiled with a little caustic potash, 
and the solution tested with acetate of lead, a black pre- 
cipitate of sulphide of lead will be produced ; in conse- 



.* In cases where cystin has been excreted, it has generally been 
found to be most abundant in the morning urine. 

11 
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(puMKM' of tlu» larjjo amount of sulphur contained in tlie 
(•ystin((V.n«X()A).^ 

SECTION XIX. 

Examindflon of Urine ^impeded to contain other Foreign 
Mattern not included in the foregoing sections. 

275. When the presence of any other kind of foreign 
matter is suHj>ectcKi in the urine (180), such as metallic 
salts, i( Kline, inorganic or or^nic acids, &c., a few tests, 
siieh :is hydrasulphuric acid, hydrosulphate of ammonia, 
&c., will f^cnerally leiid to their detection without much 
difficulty. (St»e Parts IV and V; also my "Introduc- 
tion to Practical Chemistry," Parts II and III.) If the 
susi)ectcd suKstance is organic, either the urine itself or 
the evaj>onitwl residue may be tested ; but when a non- 
volatile inorganic sul^tance is to be looked for, it is gen- 
erally advisable to incinerate the evaporated residue, and 
tc«t the ash for the substance in question. 



CHAPTER VI. 



EXAMINATION OF MOBBID UBINE, THE NATUBE OF WHICH 

IS ALTOOETHEB UNKNOWN. 

276. When a specimen of urine is suspected to differ 
in some respect from the healthy secretion, it will gener- 
ally be found easy, by means of a very few simple experi- 
ments, su(Ji as those which I am about to describe, not 
only to ascertain whether or not such is the case, bnt 
also to discover the nature of the particular morbid con- 
dition in question ; whether it be that one or more of the 
normal constituents of healthy urine is present in an 



1 According to Stiidelor, tyrosin (C,„H,,NOg) has been found in 
the form of a Bedimcnt in urine, in (ixtremo dorant^cment of the 
liver. It dissolves in boiling water, and is deposited in fTbrous 
crystals on cooling. Its solution gives a red flocculent precipitate 
with per nitrate of mercury. 
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abnormal proportion, or whether it be due to the pres- 
ence of some substance which is never found in the heal- 
thy secretion. In such an examination, the microscope 
will be found to aiford much valuable and ready assist- 
ance, the simple microscopic inspection of a deposit often 
rendering its true nature at once apparent. Whenever, 
therefore, the student has access to one, he will do well 
to avail himself of it as much as possible ; and he will 
soon find that, with a little experience, he will be able 
readily to discriminate between the more common forms 
of urinary deposits. 

For the method of distinguishing the several forms of 
deposit under the microscope, see paragraphs 315 to 332. 



Fig. 40. 



SECTION I. 

Examination of Urine containing some solid Deposit. 

277. The urine may be first tested with blue litmus- 
paper, which should be allowed to remain for some time in 
the urine ; if acid, the color will change to 
red, or reddish-purple. Should the blue 
color remain unchanged, test it with yel- 
low turmeric or reddened litmus-paper ; 
if the urine is alkaline — owing, probably, 
to the conversion of urea into carbonate 
of ammonia (11) — the turmeric will be- 
come brown, and the reddened litmus blue, 
while, if the color in both cases remain 
unaltered, the urine may be considered 
neutral. 

278. Thfe specific gravity of the urine 
may then be token. 

279. This is most readily done by means 
of the urinometer, which is a little instru- 
ment constructed on the principle of the 
hydrometer, the usual form of which is 
shown in the annexed figure. The tube, when used, is 
simply immersed in the urine at the temperature of 60*^ 
Fahr. ; and when it has come to rest, the number on the 
graduated scale, which stands at the level of the liquid, 
when added to 1000, will represent the specific gravity 
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of tin* fluid. For example, if the level of the liquid 
stiinds at 5 on the s«ilo, the 8|>ecific gravity of the urine 
will Iki 1(H)5 ; if at ;iO, it will be 1030, and so on (301). 

*2H(). If a nrinonieter is not at hand, the si>eciiic gravity 
of the nrin(» may Iw taken by means of a bottle, or ev«i 
with a small piw^ of j^lass.* 

2S1 . Tiio <lo]>osit may now be for the most part sepa- 
rattnl from tho mMne, by allowing it to subside for a short 
time ill a tall ^lass, and then pouring off the clear liquid, 
or drcuvin<ij it otf with a siphon or pipette. The portion 
of urine containing the sediment in suspension may be 
first oxamined. For the mode of examining the clear 
li(iuid s(»pamt(Hl from it, see paragraphs 300 to 314. 

Examination of the Solid Depoait, 

282. If, owing to some characteristic peculiarity in the 
aj)j)oarance of the dej)0sit, or of the urine containing it, 
or from other circumstances, the observer has reason to 
susjx?ct the nature of the sediment, he may at once pro- 
ceed to apply the tests for the susfK^cted substance, accord- 
ing to the dire(;tions given in Chapter V. At first, how- 
ever, and until he has had some little experience on the 
subject, he will do well to adopt some such method of 
examination as the following. 

283. In the great majority of cases, the deposits con- 
tained in urine will be found to consist of one or other 
of the following substances — viz., earthy phosphates, uric 
acid, urate of soda or ammonia, or oxalate of lime ; some- 
times alone, sometimes two or more mixed with each 
other, or with mucus or other matters. The first ex- 
])eriments, therefore, should be directed to the detection 
of these four substances. 

284. Put a little of the urine containing the deposit 
into a test-tube, and warm it gently over a lamp. If it 
iiEADiiiY 1)Iss()i.vp:s, it is probably itkate of soda or 
AMMONIA (192, 200); in which case one or two of the 
more chartwteristic tests for those substancjcs may be 
applied, and the deposit may 1x5 examined under the 



* See Introduction to Practiciil Chemistry, fourth edition, p. 56. 
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microscope, in order to confirm or correct the first result. 
If purpurin is present with the urate, which may be 
known by its pink or reddish color, the deposit will prob- 
ably not dissolve so immediately on warming as when 
the coloring matter is absent (192). If the deposit does 
not dissolve when gently warmed, nor yet when heated 
nearly to boiling, it must be further tested, as follows : 

285. If the deposit does not dissolve when 
WARMED, add to a few drops of the sedimentary urine, 
in a test-tube, a little acetic acid. 

286. If the deposit dissolves in acetic acid, it 
probably consists of earthy phosphates ; the nature of 
which, whether consisting of phosphate of lime, or triple 
phosphate, or a mixture of both, may be distinguished 
by submitting a little of the deposit to microscopic ex- 
amination (228, 317, 322). (Confirm 47, 225—227.) 

287. If the deposit proves insoluble in acetic 
acid, test another portion with a little dilute hydrochlo- 
ric acid. If it dissolves in the acid, and the acid 
solution thus obtained gives, when neutralized with am- 
monia, a white precipitate, it is probably oxalate of 
lime (266). (Confirm 267, 319.) 

288. If the hydrochloric acid fails to dissolve 
the deposit, it may be tested for uric acid by means 
of nitric acid and ammonia, in the manner described in 
paragraph 23. Uric acid may also be readily distin- 
guished under the microscope (318). (Confirm 187, 188.) 

289. If the deposit proves to consist neither of earthy 
phosphates, uric acid, urate of ammonia, nor oxalate of 
lime, it must be examined for the other matters which 
are occasionally, though less frequently, met with in mor- 
bid urine, and which have been already noticed in Chap- 
ters IV and V. It must be remembered that, in perhaps 
the majority of cases, urinary deposits do not consist ex- 
clusively of any one substance, but contain two or more 
mixed together; as when the earthy phosphates occur 
associated with an excess of mucus. The action of the 
several tests may frequently, in this way, be more or less 
masked, and when taken alone may lead to erroneous 
conclusions. In such cases, the microscope will be found 
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of infinite value, and should always^ when available, be 
employ (hI (inT)). 

2\H). If the dei>osit ninkfl readily to the bottom of the 

vessel, fonninjjj a PAI.E GREEN 1811- YKT.IX)W SEDIMENT, 

wliieh, on agitation, is a^ain diffused readily and nni- 
fornily in i\\o. licjuid, it j)rol)ably (K)nsists of PUS (247). 
((^nifirni 250, 254, 256, 257, 156.) 

2i)l. If, on the other hand, the de{)osit is tenacious 
AND iioPY, not niixinjr uniformly with the liquid wh«i 
yluiken, it jirobablv eontains an excess of MUCUS (210). 
(Confirm 211, UK)*, 156.) 

202. If the (lei)osit is 1)ARK-<X)I/)RED, brown, or red, 
and has In^en found not to ctmsist of urate of ammonia 
eoh)nHlwith j)urpurin (284), it probably contains blood; 
in which ease the clear portion of the urine (281) will 
ir\\v indications of albumen when heated, or when tested 
with nitric; acid (243). (Confirm 240, 242, 245.) 

293. When the deposit is WHITE OR nearly 80, 
having proved insoluble when warmed (284), and also 
when treat(Kl with dilute hydrochloric and acetic acids 
(285, 286), and is found to Ix^ readily soluble in a 
soiiUTiON OF AMMONIA, the ammonincal solution yield- 
ing on evaponition hexacjonal crystalline plates, 
it is probably cystin (272, 270, 273). 

294. If the dej)osit is pale yellow, tolerably soluble 
when warmed (200), but does not appear to consist of 
urate of anmionia, owing to its yielding no ammonia 
when warmed with a solution of pottish (205), and ap- 
pearing under the micToscjope, not as an amorphous secii- 
ment, but in small, irregularly-shaped, roundish or oval 
particles, with or without projec^ting ])rotuberance8 (324), 
it is j)robably urate op soda. (Confirm 202, 203, 204.) 

295. If, when a little of the urine is agitated with a 
little ether in a test-tube, and the ethereal solution, after 
separating from the watery portion on which it floatw, is 
found to leave, after evaporation at a gentle heat, a resi- 
due of fat or oily matter, the presence of pat may Ih» 
inferred (259). (Confirm 325.) 

296. If the urine is opaque and almost milky in 
apj)earanee, yielding traces of fat when trcjited with 
ether, and is found, when examined under the micro- 
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scope to contain an abundant white amorphous or granu- 
lar deposit of albumen or fibrin together probably with 
small round colorless corpuscles, it probably contains 
CHYLOUS MATTER (260). (Confirm 261, 326.) 

297. If, on examination under a microscope of high 
magnifying power, minute animalcules are visible, 
having the appearance shown in Figure 23, page 88, it 
is probable that semen is present (160). (Confirm 161, 
264.)^ 

298. The following table may serve to facilitate the 
examination of deposits with reagents. It must, how- 
ever, be borne in mind, that until the observer has had 
some little experience in the action of the several tests, ' 
he must not depend too much on the result of any one 
experiment ; but must, in all cases, confirm his suspi- 
cions by one or more corroborative tests. 



Table Jot fadliUding the Examination of Urinary De- 
posits by means of C%emical Tests. 

299. Test first for the earthy phosphates, uric acid, 
urates of soda and ammonia, and oxalate of lime (283). 

1. The SEDIMENT DISSOLVES WHEN WARMED ; Urate 

of soda or ammonia (200, 284). Not soluble 
WHEN WARMED ; See 2. 

2. Soluble in acetic acid; Earthy phosphates 

(286). Insoluble in acetic acid ; See 3. 

3. Soluble in dilute hydrochloric acid ; Oxa- 

late of lime (287). Insoluble in dilute hy- 
drochloric ACID ; See 4. 

•4. Purple with nitric acid and ammonia ; Uric 
add (288). 



^ Specimens of urine are occasionally mot with, holding in sus- 
pension a deposit (either amorphous or crystHllino) which is inaolu- 
Die In acids and alkalies as well as in alcohol and ether ; but since it 
is at least diminished by shaking^ with hydrochloric acid and ether, 
it appears to consist of an earthy salt of one of the fatty acids. 
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If Wut (lo|M)Hit |)n)V(»rt to Iw iMMthor of t\w. alM>V(>, itw 
probably oiio of the ibllowiii^ : 

!). (iKKKNISII-YKIiT^nV l)KI»OHIT, KAHIIA' DIFKIWII) 
ON A(JITATI()N; Punf (2{)0). 

6. R<n»Y AND TKNAc'iors; 3/iw^iM/ (291). 

7. Uki) OR URDWN ; not HoiiiriiLK wiiKN warmed; 

TIIK FIJIII) PORTION CH)A(nTI.AnriK BY HEAT AND 

NiTRK? A(4I) ; Wood / (25)2). 

8. SOIJ'HIJ-: IN AMMONIA ; TIIK HOIiUTlON I^KAVINO, 
ON KVAPORATION, lIKXA(H>NAIi (^HYHTAIJ^; C^*- 

tin f (21)3). 

J). KtIIKR YIKI.DH, AhTKR AOITATION, AN OILY OR 

FATFY Ri«><ii)UiO; Fatty VK liter {2[)S). 
10. Milky APPKARANc^K; Chylowi mctUer {296), 

SKCTION II. 

Kxaviludtion of (Trhie corUainim/ no Solid Deposit; or 
frovi whidi a Dvponlt han been separated (281). 

.*K)0. Ttwt tlio uriiK^ with litimis aiul tunnoric |m|)cr 
(277).' If AiiK AMNIO, it muHt bo t<\stiMl for alhumkn 
with nitric, iKiid (305, ;M)f)). 

301. Take the s|)('.(M[ic gravity (271)).* If thoHPKc^Kio 
gravity ih hkhikr TITAN 1025, the uriuo may porhai>H 
bo found t'O (M)ntaiii oith(M*HiJ(UR or an KXi^Mss ofurka 
(302, 304). If tho s|)(u;ifio gravity in not higher than 
1025, pass on to 305. Sih» also 30*1. 

302. Whcthor URKA bc^ pr(»s(»nt in ox(m»ss, may boaHoer- 
taintid by mixing a litth^ of the. urino in a wat^^h-jrhisH, 
with an (Hiual bulk of pun^ nit.n<; a(^id, koopinti; the ^lasH 
cool by aillowin^ it to float in eold wat<T. If any eX(*esH 
of urea is present, a more or l(^ss abundant erop of oryn- 

* If tlioHn (*xpnriiiH*i)tH luid Ixmmi alrciidy ituidi^ h(>r()rn thn HopiirK- 
tion of tho HCMliinontiiry imd nou-Hoditiicntiiry portimiH of ihi* uriiio 
(*2H1), tli(>y ]uhh\ n)t bo ropputod. Wlini tho alkiiliiiity \n duo to 
lUiiiiioiiiHomirbonatoof iuninoniii,r<<d ritiniiM.tmpcr, which hiiH hcpti 
ruiiderod blun by it, will nji^ain ItMoohir wh«Mj driml by af^ontU^ lu»at. 

'' Soe abovo nolo. 
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tals of nitrate of urea will, in a short time, appear in the 
mixture (181). (Confirm 183.) 

303. When a microscope is at hand, we can in this 
manner detect even a very slight excess of urea. A drop 
of the suspected urine is placed on a slip of glass, and 
mixed with a drop of pure nitric acid. If even a small 
excess of urea m present, nainute crystals of the nitrate 
may generally be seen, after a short time, with a very 
moderate magnifying power. 

304. To prove the presence of sugar, a little of the 
urine may be examined by paragraphs 122 and 126, 
(Confirm 113.) It must here be borne in mind, that very 
decided traces of sugar may exist in urine without raising 
the density to a suspicious extent, so that the mere cir- 
cumstance of the specific gravity of the urine being be- 
low 1025 is no proof whatever of the absene-e of sugar ; 
and in any doubtful case it should be carefully looked 
for by means of the tests above referred to. 

305. Boil a little of the urine in a test-tube. If the 
liquid remains clear, pass on to 307 ; but if a precip- 
itate IS PRODUCED, it may be owing to the presence 
either of albumen (235), or of an excess of earthy phos- 

E hates (109). To distinguish between them add to the 
oiled portion a few drops of nitric acid. If the precip- 
itate DISSOLVES, and is not reprecipitated by the addi- 
tion of a few more drops of the acid, it probably consists 
of EARTHY PHOSPHATES (229) (confirm 228, 226) ; while 
if it either does not dissolve, or afl:er being dissolved by 
the first drop or two of the acid, again precipitates when 
the liquid is more strongly acidified, albumen is indi- 
cated (143). (Confirm 137, 138.) 

306. It must be remembered that when the urine is 
alkaline albumen may be present in it without being 
coagulated by boiling (142). Such urine should there- 
fore be tested for albumen by means of nitric acid (141). 

307. Add to a little of the suspected urine a few drops 
of nitric acid. If a precipitate is produced, either 
immediately or after a short time, none having been 
occasioned by boiling (305), an excess of uric acid is 
probably present (190). (Confirm 23, 288.) If the urine 
18 alkaline, the precipitate thus occasioned may consist 
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of AIJU'MEN, since that substance would not then be 
precipitated by l)oilinj^ (306). 

308. Evaj)()rate a little of the urine on a water-bath, 
to the consistence of a syrup, and add about half its bulk 
of stronjij hydnK'hloric acid. If, after the lapse of a few 
hours, tufts or branchos of needi.e-shaped crystals 
are visible, either to the naked eye or'when examiDcd 
under the niieros(rope, an excess of hippuric acid is 
probably present (206). (Confirm 208, 209.) 

309. If THE TJHiNE IS HIGHLY COLORED, it IS prob- 
able cither that it contains an excess of yellow coloring 
matter, or that blood, biliary matter, or purpurin is 
pres(»nt.^ To determine which of these it is — 

310. Boil a little of the urine; if it contains blood, 
the albumen will iX)AGULATE, mixed with some of the 
coloring matter (243). (Confirm 240, 245.) 

311. If an excess of yellow colorlng matter is 
present, the boiled urine, when mixed with a little 
hydrochloric acid, will assume a more or less decided 
RED (X)LOR (215). 

312. The presence of biliary matter may be proved 
by Pcttenkofer's and Heller^s tests (149, 151). (Confirm 
152.) 

313. If PURPURIN is present in solution, the urine 
usually has a more or less decided pink color; and when 
a little warm aqueous solution of urate of ammonia is 
mixed with it, that salt precipitates as the liquid cook, 
and carries with it nearly the whole of the purpurin, 
which gives the precipitate a pink coix)R (221). (Con- 
firm 218, 220.) 

314. The following table may be found useful for 
reference (298) : 



1 It will be remembered that many vegetable coloring matters 
taken into the stomach make their appearance in the urine, and 
might, by a careless examination, be mistaken for blood, &c. 
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TabIjTj for factlitcUing the Examination of the. clear liquid 
portion of Urine, by means of Testa, 

1. Specific gravity higher than 1025; see 2 and 3. 

2. Crystals with nitric acid ; Excess of wrea (302). 

3. Keat with sulphate of copper and potash ; 

Hugar (304). 

4. If np:utral or feebly acid to test-paper, see 

5, &c. If alkaline, see 7. 

5. Precipitate formed on boiling; soluble in 

NITRIC ACID ; Excess of earthy phosphates (305). 

6. Precipitate formed on boiling ; insoluble in 

NITRIC ACID ; Albumen (305). 

7. Precipitate formed by nitric acid ; Excess of 

• uric add or albumen (307). 

8. Concentrated urine yields needle-shaped 

CRYHTAIii with HYDROCHLORIC ACID; Hippuric 

acid (308). 

9. If the urine is highly colored, see 10, 11, 12, 

and 13. 

10. Dark coagulum formed on boiling; Blood f 

(310). 

11. Red color with hydrochloric acid; Excess of 

coloring matter (311). 

12. Pink precipitate with warm solution of urate 

of ammonia ; Purpurin (313). 

13. Change of color with nitric acid, &c. ; Biliary 

matter (152, 312). 

SECTION III. 
Microscopic Examination of Urinary Deposits (27(3, 289). 

315. Place a drop of the urine containing the deposit — 
after being aUowed to Htand a short time, that the H(»di- 
ment may subside — on a strip of glass ; cover it with a 
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Hiiiall s(juare of thin jjjlass/ and examine it with a magni- 
fying lM)wer of about two hundred diameters. Observe 
whctluT the particles are crystai^i.ine, amorphous, or 
OK(JANiZKi). If CRYSTALLINE, refer to paragraph 316; 
if AMORPHOUS, to paragraph 321 ; and if organized, 
jKtss on to paragraph 327. When, as is frequently the 
case, the dejMwit apjxiars to consist of a mixture of two 
or more ditferent forms of matter, each of these should 
in succession l)e examined, until the nature of the whole 
of the dojMJsit is clearly undovstood. 

31 G. If thp: i>ei»osit is crystalline, it is probably 
cither i:kic acid, triple phosphate, or oxalate of 
LIME ; or possibly CYSTIN. 

317. If the crystals are stellate (Fig. 41), or tri- 
AXCiULAR PRISMS (Fig. 42), instautly disappearing on 
the addition of acetic acid, they consist of the triple 

PHOSPHATE. 

318. IfTHE CRYSTAI^ARE IX)ZENGE-SHAPED, OR POS- 
SESS ANY OF THE FORMS SHOWN IN FiGURE 43, being in- 
Soluble in dilute acids, but tolerably soluble in a solution 
of potash, they are probably uric acid. (Confirm 288.) 

319. If the crystals are octahedra (Fig. 44), or some 
modification of the dumb-bell form (Fig. 45), insoluble 
in acetic acid, but really soluble in dilute hydrochloric 
acid, they are probably oxalate of lime. (Confirm 287.) 

320. If the crystals arc multanoular plates, hav- 
ing the rosette-like form shown in Fig. 46, insoluble, or 
nearly so, in watcT and dilute acids, but readily soluble 
in ammonia, the ammoniacal solution leaving, on evapo- 
ration, hexagonal crystalline plates (Fig. 47), 
they are probably cystin (172). 

321. If the deposit is amorphous, or in minute, 
rounded particles, it probably consists of phosphate 
of limk or URATE OF AMMONIA ; or possibly urate of 
SODA, fat, or chylous matter. See also 327, &c. 

322. If it is INSOLUBLE W- HEX ^V armed, BIT DISSOLVES 

IMMEDIATELY On the addition of acetk^ or dilute hy- 
drochloric acid, it is probably phosphate of lime. 



^ Except for high powers, the thin glass may generally be dis- 
pensed with. 
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FlO. 46. Fio. 47. 
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323. If it DISSOLVES READILY when the urine contain- 
inji; it IS WARMED, and is again deposited ox cooling, 
it is probably urate of soda or ammonia. 

324. If the deposit is in the form of pale yellowish 
(DRAINS, with or without small irregular protuberances 
( Fig. 48 ), DiasoLViNG more or less readily when warmed, 
it is probably urate of soda. 

325. If the substance is in the form of minute round 

GLOBULES, WITH DARK AND WELL-DEFINED OUTLINES 

(Fig. 49), and dissolves when agitated with ether, it 
probably consists of fatty matter. (Confirm 295.) 

326. If the urine is opaque and milky in appear- 
ance, yielding fatty matter when agitated with ether, and 
containing minute amorphous, albuminous particles, and 
perhaps also colorless globules, it probably contains 
CHYLOUS MATTER. (Confirm 296t) 

327. If the deposit consists of organized par- 
ticles, it probably consists either of mucus (which is 
usually mixed with more or less epithelium), pus, 
Bixx)D, or semen. See also paragraph 132. 

328. If the particles are round, or nearly so, 
AND GRANULATED OR the Surface, ENTANGLED in tena- 
cious, STRINGY MASSES, which do not break up and mix 
uniformly with the liquid on agitation, it is probably 
MUCUS (Fig. 50, a). Epithelial debris may be recog- 
nized by the peculiar forms of its particles (Fig. 50, 6). 
(156.) Mucous urine very generally contains also a con- 
sidemble amount of earthy phosphates and other matters. 

329. If the particles are round and granular (Fig. 
51), not being held together by any tenacnous matter, but 
floating freely in the liquid, the deposit probably 
consists of PUS. (Confirm 156, 290.) 
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330. IfthepartielesappearasciBCULAHANDSLiQHTLY 
CONCAVE DISKS, the outlines being occaaionally irregular 
(Fig, 52), and of a more or less decided yellowish color, 
it is probable that bixx>d is present. (Confirjn 292.) 

331. If the partiolea, or any among them, have the 
form of seminal animalcules, or spermatozoa, shown in 
Fig. 53, SEMEN is probably present. 

332. The table on page 104 may be useful to the stu- 
dent for reference, in the microscopical examination of 
urinary deposits. 
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TabJjK far facintatinf/ the l^Dcfi^oscopical JExamination oj 

Urinary Deposits. 

1. If the DKl'OSlT 18 CRVSTALI^INE, SCC 4 tO 7. 

2. If AMORPHOUS, OU ROUNDED PARTICLE8,8ee 8 to 11. 

3. If organized particles, see 12 to 16. 

Crystalline. 

4. TX)ZENGE-SHA1»ED CRYSTALS, AND OTHER FORMS 

SHOWN in Figure 43 ; Uric a/Ad (318). 

5. Stell^e, or three-sided prisms (Figs. 41 and 

42) ; Tnyle phosphate (317). 

6. Octahedra, or dumb-bells (Figs. 44 and 45); 

Oxalate of lime. 

7. Rosette-like tables (Fig. 46); OysHn (320). 

Amorphous or Rounded Particles. 

8. Soluble when warmed ; Urate of soda or ammo- 

nia (91, 92, 96). 

9. Soluble in acetic acid ; Phospliate of lime. 

10. Round globules with dark edges (Fig. 49); 

Fatty maUei^ (325). 

11. White AND MILKY ; Chylous matter f (326). 

Organized Particles. 

12. Granulated corpuscles, in stringy aggrega- 

tions (Fig. 50) ; Mucus (328). 

13. Irregularly-shaped scales (Fig. 50, A) ; Epi- 

thelium. 

14. Detached granulated corpuscles (Fig. 51); 

Pus (329). 

15. Blood-corpuscles (Fig. 52); Blood (330). 

16. Spermatozoa (Fig. 53); f^emeii. 
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CHAPTER VII. 

QUAKTITATIVE ANALYSIS OF DIABETIC TJBINE. 

333. In the quantitative examination of diabetic urine, 
it is generally sufficient to estimate merely the quantity 
of sugar, since the determination of the other constit- 
uents is of comparatively small practical importance in 
diagnosis. When this is the c^se, all that is necessary 
is, to ferment 260 grs. of the urine in the manner de- 
scribed below (336) ; and from the amount of carbonic 
acid evolved, to estimate the quantity of sugar which 
yielded it. 

334. It is, however, frequently of importance to be 
able to determine the proportion of some of the other 
matters coexisting in the urine, especially the urea (119), 
which has been supposed by some to diminish, and 
by others to increase, materially in quantity, simulta- 
neously with the appearance of sugar. The exact esti- 
mation of small quantities of urea, when mixed, as in 
diabetic urine, with a large amount of sugar, is attended 
with considerable practical difficulty ; and, indeed, the 
results hitherto obtained must be regarded merely as 
approximations to the truth. By the method of analysis 
which I am about to describe, the proportions of the 
following substances may, without much difficulty, be 
determined, or the inquiry may be limited to the esti- 
mation of the sugar and the urea (335, 341) : 1, water; 
2, sugar; 3, urea; 4, uric acid and vesical mucus; 6, 
animal extractive and ammoniacal salts ; 6, fixed alka- 
line salts ; and 7, earthy salts. 

335. Two portions of the urine, A weighing 1000 grs., 
and B weighing 500 grs., are to bo evaporated to dry- 
neag (50), in weighed or counterpoised dishes, on a water 
or chloride of calcium bath ; or, still better, in vacuo, 
over sulphuric acid. While the evaporation of A and B 

12 
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If pniiif: nil, n tliinl portion, C, consieting of 250 grg. of 
till- iiriiii', niiiv 1h' woigliwl out, for the porpow of eeti- 
iu:ittii;r till- siipir, wliicli \s done in the followiag man- 

ii.T (;(;Mn. 

;i;t(». Tiiurhiu'iil of Ihe jtortion C— rPut 250 grs. of the 
urine into a small wide-moatbed 
Fi.i.'.i. Ixittlc, capable of holding an ouiwe 

anil a Imlf or two ounces of vater; 
to tliv ninntli of which is adapted* 
<!(>rk, tittcfl with tubes of the form 
hIiowii ill the figure (Fig. 54). The 
iKtttIc hIiouM be graduated in cubic 
inclice and tenths, in order to enable 
the experimenter to estimate the 
amount of carbonic acid which a 
retained in solution by the liquid tt 
tliec]o«,'oftheopcration(338). The 
tiihU- a is nearly fillcHl with t<mall fragments of drychlo- 
riile of (silciuni, which nra prevented from filing out by 
a loose plug of ootfon-wool placed at each end. The 
tulx', /;, wliich roAclies nearly to the bottom, is made 
iiiH'ii at liotli pikIs; the top, however, being accurately 
(■IosihI by means of a small bit of cork or wax, o, during 
the priKTfw of fi Ti lien t-at ion. 

:tli7. Mix a tew ilrojw of fresh yeast, or, still better, 
about Kftv grains of dry German yeast (128), with the 
urine in tlie Iwttle ; and having platted the cork, with its 
tulics, firmly in the neck, weigh the whole apparatna, 
with its contents, as awiurately as possible. Allow the 
ap))anttus to stimd a day or two in a warm place, liaving 
a tomiKrature of about 70° or 80° ; and when the fer- 
mentiition appcai-s to have entirely ceased, remove the 
small lilug of cork or wax from the tube b, and such air 
gently from a, for the purjiose of expelling the carbonic 
aeid Gontaine<l in the l)ottle, and replacing it with com- 
mon air. The small ])lug is then attached to the tube 6, 
as before, and the whole up|>aratus is again weighed. 
;i;J8. The amount of loss will indicate the quantity of 



^ 
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carbonic acid which has escaped through the tube a ; but 
as carbonic acid is soluble, at ordinary temperatures, in 
about its own bulk of water, the portion of acid held in 
solution by the liquid must be added to that which has 
escaped. This amount is readily known, since each 
cubic inch of liquid, which may be supposed to be satu- 
rated with the acid, must contain about a cubic inch of 
the gas, weighing rather less than half a grain.* 

339. The whole amount of carbonic acid formed during 
fermentation, therefore, is determined by adding to the 
loss of weight half a grain for every cubic inch of liquid 
contained in the bottle ; the quantity of which is known 
by the graduations on the surface (336). Thus suppos- 
ing the loss of weight during fermentation to have been 
4.1 grs., and the volume of liquid in the bottle 1.2 cubic 
inch, the weight of the carbonic acid formed must be 4.1 
+ *j^, or 4.7 grains. 

340. Now, since pvery equivalent of diabetic sugar 
(C12H14O14) is converted, during fermentation, into two 
equivalents of alcohol {CJS^O,HO)y four equivalents 
of carbonic acid (COg), and two equivalents of water 
{HO) f- 

Ci,Hi,Oi4=2(Ci^5>0,ffO)+4c02+4HO; 

it follows that every 198 parts by weight of sugar (one 
equivalent) give rise to the formation of 88 parts of car- 
bonic acid (four equivalents) ; so that every 88 grs. of 
carbonic acid would indicate 198 grs. of sugar, or, in other 
words, one gr. of carbonic acid will represent 2.25 grs. 
of sugar. Therefore, by multiplying the weight of car- 
bonic acid by 2.25, we obtain the weight of sugar present 
in the quantity of urine operated on. Thus, in the above 
example, 4.7 grs. multiplied by 2.25 (= 10.57) gives the 
weight of sugar in 250 grs. of urine ; which, when multi- 
plied by four (250 x 4 =: 1000), represents the proportion 
in 1000 grs. of the secretion. 

341. Treatment of the portion A, — The dry residue left 
after the evaporation of the 1000 grs. marked A (335), is 

* One hundred cubic inches of carbonic acid weigh 47.80 grains ; 
one cubic inch, consequently, weighs 0.47 of a grain. 
> See note to 129. 



140 QUANTITATIVE ANALYSIS OF 

to Ix' nscil fi)r estimating the urea, which is usually pres- 
ent only in minute projwrtion in dial)€tic urine. For 
this purpose, the residue is treated with successive small 
qnantiti<»s of alcohol, stirring the mixture with a glass 
nnl, until it (•(»as(ns to dissolve anything more. The 
aleoliolic solutitm is now to be evajiorated to dryness on 
a water-hath, and the residue treated Avith strong alcohol 
(ahsohite aleoljol, if iK)ssil)le, 114), which will dissolve 
out tlie urea, leaving undissolvtHl most of the sugar and 
other matters. Th(^ aU^holic solution thus obtained is 
to he agjiin evaponited to dryness on a water-bath, and 
the residue* treated, as long as anything dissolves, with 
warm distilled water, which will sejmrate the urea from 
most of tli(» otluT matters which are less soluble in water. 

fM2, The impure aijueous solution of urea thus ob- 
tained is evaporat(Kl to a small bulk, and while at a 
t(Mnperature of about 190° or 200° mixed with as much 
l)oun(led oxalic acid (HC),('2()3+2Aq) as will dissolve in 
the \\(\\\ul (14). The mixture, after cooling, is immersed 
in a freezing mixture,* when the whole of the oxalate of 
urea, together with the excess of oxalic acid, will crys- 
tallize out. The licpiid is now to be poured off, and the 
crystals further treated as in 55. 

*U3. Treatment of the portion B. — The residue left after 
the evaporation of the 500 grs. of urine marked B, may 
now b(» examined, for the purpose of estimating, 1, the 
water; 2, uri(; acid and vesical mucus; 3, animal extrac- 
tive and ammoniacal salts ; 4, fixed alkaline salts ; and 5, 
earthy salts. For this purpose it is to be carefully evapo- 
rated until it ceiises to 1()S(» weight, either on a water or 
chloride of ctd(;ium bath, or, still better, in vacuo over 
sulphuri<* acid ; sinex) by long exposure to a high tera- 
peraturcj {\ portion of the sugar loses five Cfiuivalents of 
water, and lu^eomes eonv(Tt<Hl into a kind of uncrystal- 
lizable caramel, thus causing the residue to weigh less 
than it ought to do. It is generally a matter of ctm- 
siderable difficulty to (?xpcl the last traces of water from 

^ A little* pounded ico or snow, mixod with iibout half its weight 
of common salt; or, in the absenoo of ico, a mixturo of (»qunl 
weights of nitrate of ammonia and water, will be found the most 
convenient freczin/aj mixture. 
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the residue of diabetic urine; for the ordinary purposes, 
however, this is not of much importance, since the small 
error which it here occasions affects only the proportion 
of the water and animal extractive, and not that of the 
two substances of most importance — viz., the sugar and 
the urea. 

344. The dry residue B is to be weighed; and by 
deducting its weight from that of the urine before evapo- 
i-ation (500 grs.), the proportion of water is determined; 
which, when multiplied by two (500x2--=:1000), gives 
the proportion of water in 1000 grs. of the secretion. 

346. The weight of the drj' residue having been care- 
fiiUy noted, it is to be treated with water as long as any- 
thing appears to dissolve. In this way the sugar, urea, 
animal extractive, and alkaline salts are dissolved out, 
leaving a small insoluble residue, consisting of vesical 
mucus, uric acid, earthy phosphates, and traces of silica. 

346. The aqueous solution thus formed is to be evapo- 
rated to dryness on a water-bath, and retained for subse- 
quent experiments (349). 

347. The weight of the matter insoluble in water (345), 
having been noted after careful drying, it is to be incine- 
rated until the residue becomes white or pale gray. The 
ash thus obtained is to be weighed; and its weight, 
multiplied by two, furnishes the proportion of earthy 
SALTS in 1000 grains of the urine. 

348. The di^rence between the weight of the ash and 
that of the dry insoluble residue previous to ignition 
(347), represents the quantity of insoluble organic matter, 
consisting of uric acid and mucus, in 500 grains of the 
urine ; which must be multiplied by two, as in the former 
cases, in order to give the proportion of 100 grains of 
the secretion. 

349. The dry residue obtained by evaporating the 
aqueous solution (346), consisting of the soluble matters 
of the urine, is now to be weighed. It consists of two 
portions, the organic or combustible, and the inorganic 
or incombustible. The relative amounts of these two 
portions are determined by incineration ; the weight of 
the ash representing the fixed alkaline salts in 500 
grains ; which, as before, is to be multiplied by two. 
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l\i')i), Tlu' l<iss of weight experienced during incinera- 
tion ('Ui^, which is that of the soluble combustible mat- 
ti'fs, viz., siigjir, urea, animal extractive, and ammoniacal 
sjilts, is als«» to l)c nuiltiplicd by two. Now, since we 
know from our ex{>eriments with the other portions of 
iiriiM' A and i\ the weight of the sugar and urea (340, 
.*512), we ean, by (IcHlneting their combined weights from 
tiie amount of loss during ignition, obtain the proportion 

of ANIMAL EXTRACTIVE and AMMONIACAL SALTS OOD- 

taine<l in 1()(K) grains of the urine. 

IVA. Thus we shall have determined the proportions 
oft lie several ingnnlients of the urine, which together 
siiould amount to a fraction less than 1000, viz. : 

WatiT, 

Miliar, 

Un»H, 

Uric uoid and mucus, ..... 
Animal extract and ummonitical salt, 
Fixed alkaline ifults, ..... 

Eartliy salts, ....... 

Loss, 

lOOO.OO 

3/32. One of the best methods of estimating the sugar 
is founded upon its property of reducing the oxide of 
<!oj)per (CuO), in an alkaline solution, to the state of sub- 
oxide (Cu^O), one eciuivalent of grape-sugar (CuAj^O,!) 
effecting the reduction often equivalents of the oxide. 

To prepare the alkaline solution of oxide of copper, 
advantage is taken of the circumstances that the presence 
of tiirtaric a(;id or a tartrate, enables the fixed alkalies 
to retain the oxide in solution ; and if there be a suffi- 
ciently large excess of caustic alkali present, the solution 
may be boiled without alteration. 

315.16 grs. of crystallized sulphate of copper are dis- 
solved in about four ounces of water, and 1420 grs. of 
the tartrate of potash and soda^ (Rochelle salt8, KO,NaO, 
CyH/)iy+8Aq) are powdered, and added gmdually to 



1 950 grs. of pure cream of tartar (bitartrato of potash, KO,HO, 
CgH^OjQ) might be substituted for the Kochelle salts, but the latter is 
preferable, as being more easily obtained in a pure state. 
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the solution. 489 grs. of carbonate of potash are then 
added, and 8J fluid ounces of a sohition of hydrate of 
soda (caustic soda) of sp. gr. 1.12. The volume of the 
mixture is made up to 10,000 grs. by adding water, the 
whole boiled for a few minutes, and, if necessary, filtered. 
1000 grain-measures of this solution should correspond 
to 5 grs. of grape-sugar (C12H14O14). 

In order to ascertain its exact strength, 4.32 grs. of 
pure cane-sugar^ (white sugar-candy, CigHnOu) are dis- 
solved in a little water, in a flask, a few drops of dilute 
sulphuric acid added, and the mixture boiled for an hour 
(replacing the water as it evaporates), in order to convert 
the cane-sugar into grape-sugar. The solution is then 
rendered slightly alkaline with carbonate of soda, and its 
volume is made up to 1000 grs. with water. 500 grain- 
measures of the alkaline copper solution are heated to 
boiling in a beaker or dish, and the solution of sugar 
gradually added from a burette or graduated glass (Fig. 
32), until the disappearance of the blue color, and the 
non-occurrence of any fresh precipitate prove that the 
whole of the oxide of copper has been reduced. If the 
copper solution was correctly prepared, 500 grs. of the 
sugar solution should have been required ; but if more 
or less than this have been found necessary, it is easy to 
calculate the exact strength of the copper solution, which 
should then be recorded upon the label of the bottle, 
together with the date of the experiment. For example, 
suppose 455 grs. of the sugar solution to have completed 
the reduction, then 

Grs. of sugar-solution. Grape-sugar. Sugar-solution used. 

1000 : 5 :: 455 : x 

The value of x will represent the weight of grape-sugar 
to which 500 grain-measures of the copper solution cor- 
respond. The solution must be kept in a well-stopped 
bottle, which should be nearly filled by it, and set aside 
in a dark place. 

To determine the amount of sugar in diabetic urine, 

^ Which will yield 6 grs. of grape-sugar. It would be better to 
employ 5 grains of pure grape-sugar, but this is not so easily obtained. 
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7.V) j^niin-moasurrf* of the urine are precipitated 
sf>liiti(m of trilwisie awtate of lead, added in ven* s 
|M>rtions, witli (KHiisional stirring, as long as any i 
pHi'lpitatr is olwcrvcd. The precipitate (phosphate, 
phat<', juid urate of lead, with extractive matters) is 
t<'n'<l oil', niid washed with a little water, so as to im 
th<> total vohinie of the filtrate and washings up to 10 
ji^rs. r><K) jrniin-nM^asurcH of the alkaline copper solatia 
arc then lieateil to lK)iling, and the purified urine add( 
frr»ni a burette, until the hlue color of the solution ha 
disapiwan*!!. A simple calculation will then give th 
amount of sugar contained in the 750 grs. of urine origi- 
nally 4'njployc<l. 

A vrry excellent metho<l of controlling the result of 
this exp(>riment <*onsists in adding to the solution from 
wliicli the blue <*olor has disapjwared enough of the alka- 
line copper solution to restore the blue color, Iwilingfor 
a few seconds, and collwting the precipitated sulK)xide 
of (•oj)per upon a filter. It is then rapidly washed, as 
long ivi the washings are alkaline, and dissolved by pour- 
ing over the filter a hot solution of perchloride of iron, 
acidulated with hydnnJiloric acid, when the suboxide of 
co])per ((AijO) is converted into the chloride (CuCI): 

Cii,() -I- F.'gCl3+ IlCl = 2CuCl + 2FeCl = HO. 

The filter is washed with much water, and the amount 
of iron in the state of protrK^hloride(FeCl)is determined 
by adding a solution of iwrmanganate of potash of 
known strength' from a burette, until a i)ermancnt faint 
rose (!olor is jjroduced. 

Now, each atom (198 parts) of grape-sugar (C„H,^Oi4) 
preeipitat(»s five atoms (357 parts) of suboxide of copper 
(CugO), and these, when dissolved in pen^hloride of iron, 
j)ro(luee ten atoms of j)rotoehloride of iron (FeCl), (*on- 
taining 280 j)arts of iron. Ilenc^e every grain of iron 
indicat(Hl by tlui j)ermanganate of pohish represents 0.707 
gr. of grap(?-sugcir. 

' Tho Htrcnjjth <»f this solution is rcmlily dctorminnd by disaolv- 
i»K ^> ii^^' "f^ P"""" ^^^"1 \v\ri*. in hydnu-hlorii? acid, dilutini; larf^ely 
with wator, and addinj^ tho pornianpinaUi noiution, from a burette, 
till the ])<*rmanent roat* color is M«M*n. About 1000 grs. of the solu- 
tion should be n-quired for 5 grs. of iron. 
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A slight error occurs in the determination of sugar in 
urine according to this process, from the precipitation of 
a little sugar by the tribasic acetate of lead ; for although 
a pure solution of sugar is not precipitated by that re- 
agent, the precipitate which it causes in saccharine urine 
is always accompanied by a little sugar. In most cases 
this error is too slight to be of any consequence, but its 
extent may be easily ascertained by boiling the lead pre- 
cipitate with oxalic acid, filtering, mixing the solution 
with an excess of pota^, and determining the sugar by 
the alkaline copper solution. This will give a slight 
error in the opposite direction, on account of the reduc- 
tion of the oxide of copper by the uric acid. 

The following analyses of diabetic urine will serve to 
illustrate its usual composition in 1000 parts : 



Analyses I and 11. 


(Simon.) 




Specific gravity y 


I. 
. 1018 


II. 
1016 


"Water, 


. 957.00 


960.00 


Solid constituents, . 


43.00 


40.00 


Urea, . . . . 


traces 


7.99 


Uric acid, .... 


traces 


traces 


Sugar, . ' . 


39.80 


25.00 


Extractive matter and soluble salts 


, 2.10 


6.50 


Earthy phosphates, 


0.52 


0.80 


Albumen, .... 


. traces 


traces 


Analyses III, IV, and V. 


(Dr. Percy 


•) 


III. 


IV. 


V. 


Specific gravity^ . . 1042 


1035 


1039 


Water, .... 894.50 


918.30 


898.90 


Solid constituents, . . 105.50 


*81.70 


101.10 


Urea, .... 12.16 


30.82 


2.39 


Uric acid, . . . 0.16 


0.26 


not isolated 


Sugar, . . . .40.12 


17.15 


79.10 . 


Extractive matters and 1 eo ^z. 
soluble salts, . / ^^'"^ 


82.59 


19.62 


Earthy phosphates. 


1.30 


0.09 



Analysis VI. (Bouchardat.) 

"Water, 837.58 

Solid constituents, 162.42 

8.27 



Urea, 

Uric acid, not isolated 

Sugar, 134.42 

Extractive matters and soluble salts, . . . 20.34 
Earthy phosphates, 0.38 

13 
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CHAPTER VIII. 

QUAHTITATIYE AHALT8I8 OF AUUMIVOUS VBin. 

•^^>*>. I X tluM quantitative analysin of albuminous urine, 
it is usual to (stimate the following ingredients ; though 
fnr luauy |)ur|>os('s it is sufficient merely to determioe 
tht* proiNtrtion ot'allmmen, either with or without that of 
tin* un*a: 1, water; 2, urea; 3, albumen^ with traces of 
uri(» a<M«l;* 4, vesical mueus ; 6, animal extrac^tive and 
ainiiiouiacal salts; 6^ fixed alkaline salts; and 7^ earthy 
salts. 

.'»') I. Trrafmrnt of the poHion A. — Two portions of 
the urine, marked r(»s|>eetively A and B, each weighing 
">no nrrains, are to Ik* eva|>orate<l to dryness on a water- 
l)ath.'- The ptirtion A will serve for the estimation of 
th(» urea; and the portion B for that of the other sub- 
stances al)t>ve enuiuenited. 

.'J'*)-"). The residue left after the evaporation of A is 
treatinl with hot alcohol, to dissolve out the urea. The 
alcoholic solution is cvai)orated to dryness on a water- 
bath, and redissolved, as far as it is capable, in hot dis- 
til UkI water ; theaciueous solution thas obtained is evap- 
orated to a small bulk, and mixed with pounded oxalic 
aci<l in the manner ^leseribed in the analysis of diabetic 
urine (342). The oxalate of urea is afterwards decom- 
poswl by means of carbonate of lime in the manner 
already detailed ; the weight of the urea obtained being 
multiplied by two, in order to represent the proportion 
of UREA in 1000 grains of the urine.^ 

^ Or the uric acid may be estimated separately. See paragraph 
363. 

2 If it is intcndod to estimate tlio uric acid separately, a third 
portion of urine, weighing 1000 grs., will also be required (868). 

• A far more accurate result would, of course, be obtained by 
heating the urine (acidified, if necessary, with acetic acid) to co- 
agulate the albumen, and determining the urea in the filtered 
liquid according to (182). 
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356. Treatment of the portion B. — The residue left 
after the evaporation of B is now to be examined. When 
it has ceased to lose weight by exposure on the water- 
bath, the weight of the residue is to be noted ; and the 
loss which it has sustained during evaporation, multi- 
plied by two, will represent the amount of water in 
1000 grains of urine. 

357. The dry residue, when cold, is to be carefully 
reduced to powder in a clean dry mortar, which should 
be placed on a large sheet of white paper, in order to 
catch any particles that may be projected out of the mortar 
during the pounding. The powder is to be warmed with 
distilled water, which will dissolve out the urea, animal 
extractive, and soluble salts ; leaving an insoluble resi- 
due of coagulated albumen, uric acid, mucus, and earthy 
salts. The mixture is then filtered. The solution thus 
obtained we call M, and the insoluble matter N. 

358. The solution M is to be evaporated to dryness on 
a water-bath, and subsequently examined in the manner 
described below (361). While the evaporation is going 
on, the insoluble matter N may be operated on (359). 

359. The insoluble matter N, consisting of albumen, 
uric acid, mucus, and earthy salts, is to be carefully de- 
tached from the filter whilst still moist. It is then warmed 
for a few seconds with a little dilute nitric acid (consist- 
ing of one part of strong acid, and about ten parts of 
water), and well stirred with a glass rod, in order to dis- 
solve out the earthy phosphates. The insoluble portion 
is to be washed with a little warm water (360), and the 
acid solution, together with the washings, then evap- 
orated to dryness on a water-bath. The dry residue is 
weighed, incinerated, and weighed again; when the 
weight of the incombustible matter, multiplied by two, 
will represent the proportion of earthy phosphates 
in 1000 parts of the urine ; while the loss which the mix- 
ture sustained during the incineration, also multiplied 
by two, will represent the amount of vesical, mucus. 

360. The portion of N which proved insoluble in the 
dilute nitric aoid (359), consisting of albumen, with 
probably a little uric acid, is to be dried on a water-bath, 
and weighed. The weight, multiplied by two, will repre- 
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s(Mit th(» |m>|H>rtioii of ALBUMEN and uric acid in 1000 
p-ains of tlic urine. 

IM)1. Tin* i'va|K)ratc<l residue left by the solution M 
(^ioS), containing the urea, animal extractive^ and soluble 
salts, nnist now l>e examined. After its weight has been 
as<'<Ttain('<l, the dry residue is to be gently ignited until 
th<* inconihustihle matter becomes white or pale grav. 
'^^riie ash thus obtained is then weighed; and its weight, 
multiplied by two, will represent the proportion of fixed 
ALKALINE SALTS in 1000 grains of the urine.* 

3()2. The loss of weight which the residue sustained 
during incineration (361) being due to the combustion 
of the urea and animal extractive, and the volatilization 
of the amnion iaxud salts, derived from 600 grains of 
urine ; we obtain, by doubling it, the amount of those 
substanc(?s contained in 1000 grains. From this we de- 
duct the ])roportion of urea which we have already ascer- 
tained (355), and the difference will represent the amount 
of ANIMAL EXTRAcmvE and A3fMONiACAL SALTS Con- 
tained in 1000 grains of the secretion. 

363. If it is required to estimate the proportion of 
uric acid in albuminous urine, which, however, is seldom 
necessary, since there is not often more than a small trace 
of it present, a separate portion of urine must be used 
for the experiment. For this purpose, 1000 grains are 
to be boiled for about a quarter of an hour and filtered 
from the coagulated albumen. The filtered liquid is 
then concentrated to about one-fourth its bulk, by evap- 
oration on a water-bath, and, after the addition of a few 
drops of hydrochloric acid, set aside in a cool place for 
forty-eight hours. The uric acid, if present in any 
notable quantity, will gradually crystallize out, mixed 
possibly with traces of hipjmric acid (25), which may be 
washed out with a little alcohol (28). The weight of the 
residue will then, after drying on a w^ater-bath, represent 
the proportion of the acid in 1000 grains of urine. 

364. Thus we shall have completed the analysis, having 
determined the proportion of the several ingredients pro- 



1 During this ignition, traces of the alkaline chlorides are always 
volatilized, causing a slight loss. 
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posed ; which, when added together, should amount to a 
fraction less than 1000 grains, viz.: 

Water, 

Urea, 

Albumen, 

Uric acid, 

Vesical mucus, ...... 

Animal extractive and ammoniacal salts, . 

Fixed alkaline salts, 

Earthy salts, 

Loss, 

1000 00 



365. The following analyses of albuminous urine, in 
cases of Bright's disease, will serve to show its usual 
composition in 1000 parts: 

Analyses I and II. (Simon.) 





I. 


II. 


Specific gravity ^ . 


. 1014 


1020 


Water, 


. 966.10 


938.50 


Solid constituents. 


. 83.90 


66.60 


Urea, 


4.77 


10.10 


Uric acid. 


0.40 


0.60 


Fixed salts, 


8.04 


10.00 


Extractive matters. 


2.40 




Albumen, 


. 18.00 


33.60 



Analysis III. (Dr. Percy.) 

Specific ffraviiy J 1020 

Water, 946.82 

Solid constituents, -63.18 

Urea, 7.68 

Uricacid and indeterminate animal matter, 17.52 

Fixed soluble salts, 6.20 

Earthy phosphates, 0.14 

Albumen, 22.64 



PART II. 

CALCULI AND CONCRETIONS. 



CHAPTER I. 

UBINABT CALCULI. 



SECTION I. 

f^QQ, Urinary calculi are composed, in the great ma- 
jority of caHos, of substances which are contained in 
healthy urine, such as uric acid, urate of ammonia, and 
the phosphates of lime and magnesia; they are, however, 
occasionally composed of substances which are met with 
only in morbid urine, such as oxalate of lime, cystin, 
&c. Other substances also, which may strictly be called 
accidental, are occasionally contained in calculi ; such as 
fragments of sand, or other hard bodies, which have 
accidentally found their way into the kidneys or bladder, 
and there formed nuclei, round which the earthy phos- 
phates, or other matters, have gradually been deposited. 
Calculi always contain, in addition to the ingredients of 
which they mainly consist, more or less animal matter, 
such as dried blood and urine, vesical mucus, &c. 

367. Calculi are found to consist occasionally almost 
entirely of one ingredient only, but more frequently of 
two or more different constituents arranged together in 
irregular concentric layers. On this account it is im- 
possible to determine, with any degree of certainty, the 
nature of the mass of a calculus, by merely examining 
the external coating, since the more central portion may 
be of a nature wholly different. The best way is to 
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divide the calculus into two equal parts, wtich is easily 
done by carefully cutting, it through the centre with a 
fine saw. Fig. 65 represents a 
mixed cal cuius divided io this fig.w. 

manner J the darker layers con- 
Bisted, in the gpecimen firom 
which the drawing was made, 
of oxalate of lime, and the 
lighterringaofuricacid. When 
a calculus is tlius fouud on ex- 
ami nationtocousistapparently 
of two or more If inds of matter, 
fragments of each bind should 
be carefully detached and ?e]^>a- 
rately examined (411).' 

SECTION II. 
XMc (m- LUhic) Aeld (Cj.H.N.OJ. 

368, Uric acid calculi arc usually smooth or slightly 
tuberculated on the sm-face (Fig. 56), and of colors vary- 
ing frcHU pale-yellowish fewn to reddish-brown. When 
sawn through, the layers will 

generally be found to be tolerably F'"- "6. 

regu]ar,though of different thick- 
nesses, and nearly parallel to the 
outline of the section. This is 
the most common of all the uri- 
nary calculi. 

369. Heatasmallfri^raentof 
the calculus on platinum-foil ; it uhc Arid Caieuius. 
immediately blackens, owing to 

the charring of the animal matter, emitting at the same 
time, a disagreeable smell, resembling that of burnt 
jeathers, mixed with that of hydrocyanic aeid (H,CjN), 
,which, together with carbonate of ammonia and some 
other comp<mnde, is formed during the decomposition. 
If the heat be continued, the charcoal residue Is gradu- 

' A Bmall fragment of the calciilUB, nbout the tize of a pin 'a head, 
is generitll; sufflcient for each experiment, and will be found more 
convenient in jimotii^e tlian a liirger quiintity. 
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ally i-onsuincHly leaving only a slight trace of ai^h^whidi 
is usually alkaline to test-paper, consisting of phosphate 
or carhonati' of s<Mla. Traces of the earthy phosphates, 
also, an>alni(»st always to be found in this and most other 
varirtiis of ciilculi. 

:>7(). Trie aeitl is sparingly soluble in water, and in 
cold dilute ac*ids {22). 

IMI. A little of the (*alculu8 in powder is placed in a 
drop or two of tolerably strong nitric acid, in a watch- 
^liLSMy or on a strip of glass or platinum ; it dissolves with 
cflrrveswiiee, «irl)onic acid and nitrogen being given 
oil*, and a mixture of alloxan (CgH^NjO,^), alloxantin 
(( '^I I..iX2( )io)) Ji»d some other com{X)unds, remains. This 
is eva|M)rated to <lryncss, at a gentle heat, when a red 
ri'siduc is lefl, which, when coldy and treated with a drop 
of ammonia, or (^xposinl to ammoniacal fumes, becomes 
purple, owin^ to the formation of murexide (CijHgXgOg). 

372. Uri(; acid ciilculus dissolves in a dilute solation 
of potash, leaving cmly a few shreds of animal matter 
CMC}) ; and when the mixture is warmed, no smell of am- 
monia is ]XTix)ptil)le, thus diftering from the urate of am- 
monia (t^77). On neutralizing the alkaline solution with 
any acid, as hydrochloric, a white precipitate of pure 
uric acid is thrown down, which, when separated by 
filtration, may be tested with nitric acid and ammonia, 
as descTibed in 371. 

373. If the pre(5ipitated uric ac».id be examined under 
the microscope, it will be found to consist of minute 
crystals, having the form shown in Fig. 3, page 32.^ 



^ Xanthic or Uric Oxide or Xanthin (CiqH.N^O^), which composes 
a vory rare form of calculus, also difisolves in potash, and is repre- 
cipitatod by hydrochloric acid. When dissolved in nitric acid, 
however, it leaves a yellow residue on evaporation, which is not 
reddened by ammonia. Xanthic oxido has also been found in nor- 
mal urine, and in the spleen, pancreas, brain, and liver of oxen and 
other animals. Hyjwxanihiyi {O^qM^X).^) is very similar in its 
properties, and has also been found in the spleen. Dr. Bonce Jones 
has observed, in one case in the urine, a deposit which had the 
chemical characters of xanthic oxide, and appeared, under the mi- 
croscope, in lozenge-shaped crystals, resembling some of the forms 
of uric acid. 
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SECTION III. 

Uraie (or IMaie) of Amimmia {NH,0,HO,C,„HjN,0,). 

374. It is not often that we meet with calculi compoeed 
wholly of urate of ammonia, tbat substance being more 
commonly found alternating with uric acid, earthy phos- 
phates, or other matters. These calculi are generally 
BDiall in size, smooth, or slightly tuberculated {Fig, 57), 
and pale slate or clay color, some- 
times inclining to brown. The no. S7. 
concentric layers are usually 
thinner,andlessdistinctly mark- 
ed, than those of uric acid. 

375. When heated, nrate of 
ammonia usually decrepitates, 
gradually disappears, and in 
other respects behaves like uric 
acid(_369). Itdissolves tolerably u™iaurAmir,onLac»uuu,a 
well m hot water ; but being in- 
soluble, or nearly so, in cold, is deposited again when 
the solution cools, as an amorphous precipitate. If a 
dilute acid, as hydrochloric, he added to a not solution 
of urate of ammonia, the latter is decomposed, and the 
uric acid set free, which, being sparingly soluble even in 
hot water, is precipitated in the form of minute crystals 

■ (Fig. 3, page 32). 

376. With nitric acid and ammonia, urate of ammonia 
produces th&same results as uric acid (371). 

377. Urate of ammonia dissolves readily in a warm 
dilut« solution of potash, giving off at the same time 
ammoniacal fumes, by which it may be distinguished 
from uric acid and urate of soda. The addition of a 
dilute acid to the hot solution causes a crystalline pre- 
cipitate of uric acid (373). 

SECTION IV. 

Pho»phale of Ume (3CaO,PO,). 

378. Calculi of phosphate of lime are most commonly 
smooth and even polished on the surface. The concentric 
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luiniiue are generally arranged with considerable regu- 
larity (Fig. 68) ; and when the 
*" '"■ ^^' calculus is broken^ these separate 

from each other with great fiwil- 
ity, forming detached cmsts. 
The color is usually pale fiiwn 
or stone color. 
„». . , - , , ,, I , 379. Before the blowpipe it 

rhiiHphate of Lime ( alculus. , . »^*w..^ j~ 

chars^ owing to the presence of a 
little animal matter, and gradually becomes white as the 
(>nrlH)na('(H)iis matter bums away. It is almost iniusible, 
r(M|uiring for its fusion so intense and prolonged a heat, 
that few ean succeed in fusing it. 

380. TIu^ residue, after ignition, is neutral to test-paper. 

381. It is soluble, without effervescence^ in dilute 
nitri(». or hydrochloric acid (49). 

382. To the solution in nitric acid formed in the last 
ex|K>riment add ammonia in slight excess ; the phosphate 
of lime will be j)recipitated as a gelatinous precipitate. 
lledissolve this in a little acetic acid, and divide the 
solution into two parts. 

383. To one part of the acetic solution add a drop of 
pcrehloride of iron, which will cause a yellowish-white 
pr(K5ipitate of perphosphate of iron {Fefi^PO^), 

384. To the second part of the solution add oxalate of 
ammonia, when the white precipitate of oxalate of lime 
will be formed. 

385. If a little of the powdered phosphate of lime be 
mixed with about twice its bulk of the double phosphate 
of ammonia and magnesia, or triple phosphate (MgO,N 
H^O,HO,P()5), and heated before the blowpipe on pla- 
tinum wire, it readily fuses. The fusible caleiUu^ is com- 
])osed of a similar mixture of the two salts (391). 

SECTION Y. 

Plwsphvtcof Ammonk^ and Magnesia, or Triple Phosphate 

(MgO,NH/),HO,POJ. 

386. Calculi (»-om])osed entirely of triple |)ho8phate 
are of somewhat rare ownirrenee ; but mixed, or alternat- 
ing with other matters, and indee<l constituting the great 
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bulk of the concretion, this substance is very common. 
Such calculi are sometimes found to have been deposited 
in concentric layers, and sometimes consist of an aggre- 
gated mass of prismatic crystals. They are usually 
nearly colorless, or slightly tinged with drab or stone 
color. The surface is most commonly rough and un- 
even, and often covered with small, shining crystals. 

387. The triple phosphate calculus, when heated before 
the blowpipe, chars, and gives off the smell of ammonia ; 
swells up, gradually becomes gray as the carbonaceous 
matter is consumed, and ultimately fuses. 

388. It is almost insoluble in water, but if boiled, a 
small quantity will be found to dissolve. 

389. It dissolves readily in dilute hydrochloric and 
most other acids, and is again thrown down in the form 
of a crystalline precipitate, when the solution is neutral- 
ized with ammonia. If the precipitate thus obtained be 
examined under the microscope, it will be found to con- 
sist of well-defined crystals, which if the solution has 
been supersaturated with the ammonia, are stellate (Fig. 
10, page 46) ; but if merely neutralized, they are pris- 
matic (Fig. 8, page 45) (44). 

390. When heated with a solution of potash, it is 
decomposed, the potash combining with the phosphoric 
acid, and setting free the ammonia and the magnesia. 
The former volatilizes, and may be detected by the smell, 
while the magnesia is precipitated (49). 

MgO,NH^O,HO,P05+2KO = 2KO,HO,P05 + NHg + MgO,HO. 

SECTION YI. 

Fusible CaleuluSf which is a mixture of Phosphate of Lime 
(3CaO,PO;), and the Triple Phosphate (MgO,NHp, 
HO,PO,). 

391. The fusible matter of which this form of calculus 
is composed, is, next to uric acid, the most common of 
the ingredients of calculi. It sometimes constitutes the 
entire mass of the calculus ; is also frequently found alter- 
nating with other ingredients ; and very commonly forms 
the outer crust of calculi composed of uric acid and other 
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miittiTs, I'^isiblc oiilciili are generally oval or irr^ 
lur in form (Fig. 59); white, soft, 
*'"'■ "■'■'■ iind friable, resembling chalk; 

tlioiigh occasionally they are com- 
jriiet and hard. 

392. This calculus is chiefly clla^ 
octcrized by tlie readiness with 
^•^^.l^.lu ('ui<!iiiug which it fuses before the blowpipe, 

without being consumed ; in wtiidi 
resjM-i-t it (lillbn* from all uthor kinds of calculus, Dai- 
in^ the ifrultioii, the amnioniii and water are expelled, 
leaving a mixture of the phosphates of lime ana mag- 
nesia. 

-1!I3. If a portion of tlie calculus be dissolved in dilute 
hydrochloric acid, and ammonia added in slight exces, 
the mixed phosphates arc precipitated and mayberei^ 
ogni/xdl under tlie microscope (43). 

304. If the precipitate be redissolved in acetic acid, 
au<1 the solution mixed with oxalate of ammonia, the 
lime will be sciHinitcd as oxalate, and if this be filtered 
olf (aflcr boiling), the phosphate of mi^nesia and Am- 
monia may be obtained an a crystalline precipitate bf 
adding an excess of ammonia. 

SECTION VII. 

Oxn/ntc of Lime OaUmlus {CaO,C,Os). 

31)5. ('ahnill arc not nnfrcti^cntly met with, composed 



nbnost entii-ely of oxalate of lime ; but more commonly 

tlic nucleus will be found to con- 

*'"■ ""■ fist of uric acid or urate of lime. 

Oxalate of lime calculi are usually 

very dark iu color, either brown or 

dark olive, or a kind of dirty jmr- 

plc. Their surface is much more 

irregular and rugged than tliut of 

other descriptions of calculi ; and 

.if 1 1 uCaicuiuB ^'''"^" '*'^^^" iLsundcr, they exhibit 

an irregular and an^lar structure, 

as shown in Fig. fi{). From their 

resemblance to the fruit of the nitdbcuiy, this variety is 

commonly known as the viulUn-i/ i-ahmlw. 
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396. There is also another form ii> which oxalate of 
lime calculi are occasionally met with, commonly called 
hempseed calculi. These are small, round, or oval, and 
very smooth and polished on the exterior; they generally 
contain also a little urate of ammonia. 

The general form and appearance of these oxalate of 
lime calculi are usually so peculiar and characteristic that 
they may be, in most cases, easily recognized by simple 
inspection. 

397. Powdered oxalate of lime dissolves without efifer- 
vescence in dilute nitric and hydrochloric acids, and is 
again thrown down unchanged, in the form of a white 
precipitate, when the acid solution is neutralized with 
ammonia; the precipftate is insoluble in acetic acid. 
Occasionally a little carbonate of lime is found mixed 

' with the oxalate, in which case slight effervescence will, 
of course, take place on the addition of the acid. 

398. Oxalate of lime is insoluble in acetic and oxalic 
acids. 

399. When heated it blackens, and gives off a disa- 
greeable smell, resembling that of burnt feathers. If 
the heat be continued a short time, the residue becomes 
white, and then consists of carbonate of lime, into which 
the oxalate is converted; carbonic acid being also, with 
other gaseous matters, at the same time given off. 

CaO,C203+0=CaO,C02+C02. 

400. Treat the residue formed in the last experiment 
with dilute hydrochloric acid. It readily dissolves, with 
effervescence, showing that it has been changed into the 
carbonate. 

401. The solution of chloride of calcium {CaCt) thus 
formed may be neutralized with ammonia, and tested for 
lime with oxalate of ammonia, which will throw down 
the oxalate of lime (CaO,C203+2Aq) in the form of a 
white precipitate (171). 

402. If the oxalate of lime be kept intensely heated 
for some little time, the carbonate which is at first formed 
is reduced to the state of caustic lime (CaO), which may 
be proved by placing the residue, when cold, on a piece 
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of moistened turmeric-paper, the yellow color of which 
will be turned to brown. 

SECTION vin. 
UnUe {or LUliate) of Lime (CaO,HO,CioHjNpj. 

403. This substance, though never found composing 
entire o^louli, is not unfrequently present in small quan- 
tities in concretions which consist chiefly of uric acid, 
oxalate of lime, or other matters. 

404. Urate of lime is nearly insoluble in cold water, 
but dissolves in hot, though somewhat less readily than 
urate of ammonia (375). The hot aqueous solution 
deposits it again on cooling, generally in the form of 
minute needle-shaped crystals. 

405. Like the other urates, it is decomposed by hy- 
drochloric acid. If the acid be added to a hot, aqueous 
solution of the salt, a crystalline precipitate of uric acid 
is thrown down (377, 373), and chloride of calcium re- 
mains in solution. 

406. When tested with nitric acid and ammonia in 
the manner dascribcd in paragraph 371, urate of lime 
behaves like uric acid and the other urates, yielding the 
rich j)urple color of murexide. 

407. As this is the only salt of lime found in calculi 
which is soluble in hot water, it may be supposed to be 
present when, after boiling a little of the powdered cal- 
culus in water, the hot aqueous solution gives a white 
precipitate of oxalate of lime (CaO,C203+2Aq) when 
tested with oxalate of ammonia. 

SECTION IX. 

Oystin (CgH^NO^Sa). 

408. Calculi of cystin are of rather rare occurrence. 
They are usually more or less crystalline in structure, 
not deposited in laminse, soft, and of a pale brownish- 
yellow or greenish tint. Small calculi, composed almost 
exclusively of this substance, have been occasionally 
found in the dog. 

409. The chemical characters of cystin, and the 
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methods of distinguishing it by tests, will be found de- 
scribed in the chapters on urine (172, 269, &c.) 

410. The following directions will faxjilitate the iden- 
tification of the several varieties of urinary calculi. 



CHAPTER II. 

QUALITATIVE EXAMINATION OF UBINABT CALCULI, THE 
COMPOSITION OF WHICH IS UNKNOWN. 

411. When a calculus has to be examined with a view 
to ascertaining the nature of its ingredients, a very few 
simple experiments, conducted on some such plan as the 
following, will generally furnish the required informa- 
tion. The calculus should first be sawn through, and the 
loose dust gently brushed away. If the several laminae 
of which the mass is composed appear to be homogene- 
ous, and to consist of the same kind of matter, a small 
fragment may be taken from any part of it for examina- 
tion (412); but if, as is more frequently the case, there 
appear to be two or more different kinds of matter con- 
tained in the several layers (367), fragments of each of 
them should be carefully detached from the mass, and 
examined separately in the following manner. 

412. Place a small fragment on platinum-foil, and heat 
it to redness before the blowpipe, until the blackness of 
the charred animal matter disappears. Observe whether — 

(a) It burns away, leaving only a minute trace 
OF ASH (413); or 

(b) It proves incx)mbustible, without materi- 
ally LESSENING IN BULK (414); Or 

(c) It IS PARTIALLY CONSUMED, leaving, however, a 
considerable residue of incombustible matter (415). 

413. If IT BURNS AWAY, leaving only a minute trace 
of incombustible ash, it is probably either uric acid, 
urate of ammonia, or cystin; or possibly a mixture of 
two or more of them. See 416-419. 

^ 414. If IT IS INCOMBUSTIBLE, not materially lessening 
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ill l)iilk (lurinp^ tlic ignition, it is probably cither phos- 
pliato of liiiio, trii)le plionphatc, fusible matter (391), 
oxalate of liino (converted into carbonate by the neat), 
unit<» of lime (also converted into carbonate); or, perhaps, 
two or more of those 8ul)stances mixed together. See 
.12()-42r). 

415. 1 F THE FUAOMKNT 18 PAKTIAL.LY CONSUMED, it 

will probably \k) found to coiwiwt of a mixture of one or 
more of the combustible sulxstanccs mentioned in para- 
gniph 4\l\y with some of those enumerated in paragraph 
414. Sc^e 42i)-428. 

Krmniuatlon of Coinbiudible Calculi (413). 
41G. If th(5 calculus (in powder) is found to be spar- 

illfrly HOLlTIUiK IN WARM WATER; SOLUBLE IN DILUTB 

SOLUTION OF POTAKJi, witliout tliecvolution of ammonia; 
and to ibrm, when tested with nitric acid and ammonia, 
a PURPLE RPisiDUE; it is probably uric ACID (370,372, 
371). ((^(mfirm 373.) 

417. If it is found to l>c soluble in hot water; 

SOliUBLE in dilute SOLUTION OF POTASH, with the CVO- 

lutioii of ammoniacal vapors ; and to yield, with nitric 
acid and ammonia, a purple residue ; it is probably 
URATE OF ammonia (375, 377, 376). (Confirm 373.) 

418. I f it is found to be insoluble in warm water ; 
readily solu]U-.e in ammonia ; the ammoniacal solution 
yielding, on slow evaporation, hexagonal crystal- 
line PLATP», it isi)robablyOYSTiN (174,173). (Confirm 
174, 271, 273.) 

41 9. If it is suspec^ted that more than one of the above 
substanccis are present, a little of the powder may be 
boiled with water, and if any portion remains undis- 
solved, the mixture filtered while hot, 

(a) If the clciir filtered liquid deposits on coolin(j, 

AN AMORPHOUS PRECIPITATE, URATE OF AMMONIA is 

probably i)resent (375). (Confirm 417.) 

(6) If the insolul)Ie portion gives a purple coix>r 
when tested with nitric acid and ammonia, uric acid is 
prol)ably present (371). (('onfirm 41(5.) 

(c) If the insoluble portion is wholly or jwirtially 
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SOLUBLE IN AMMONIA: the ammoniacal solution, yield- 
ing on evaporation hexagonal plates, cystin is 
probably present (173).^ 

Examination of Inoombustible Calculi (414). 

420. If the matter of the calculus is infusible be- 
fore THE blowpipe; soluble in dilute hydro- 
chloric ACID ; the acid solution of the substance after 
ignition, yielding, when neutralized with ammonia, an 
amorphous PRECIPITATE, it is probably phosphate of 
LIME (379, 381, 382). (Confirm 383, 384.) 

421. If it is TOLERABLY FUSIBLE before the blow- 
pipe; SOLUBLE IN DILUTE HYDROCHLORIC ACID; the 

acid solution giving when neutralized with ammonia, a 

CRYSTALLINE PRECIPITATE, it is probably TRIPLE PHOS- 
PHATE (387, 389). (Confirm 390.) 

422. If it is readily Fusible before the blowpipe; 

SOLUBLE IN dilute HYDROCHLORIC ACID; the acid 

solution yielding, when supersaturated with ammonia, a 
PRECIPITATE, which, when examined under the micro- 
scope, is found to contain both amorphous particles 
and also crystalline stell^, it is probably composed 

of the MIXED OR FUSIBLE PHOSPHATES (392, 394). 

423. If the substance, before ignition, is soluble with- 
out EFFERVESCENCE in dilute hydrochloric acid; the acid 
solution yielding a white PRECIPITATE WHEN neutral- 
ized with AMMONIA; and after gentle ignition, is solu- 
ble WITH EFFERVESCENCE in the dilute acid ; the acid 
solution, moderately diluted, now yielding NQ precipi- 
tate when neutralized with ammonia, it is probably 
OXALATE OF LIME (397, 400, 401). (Confirm 398, 402.) 

424. If the hot aqueous solution, formed by boiling 
a little of the powdered calculus with water, gives a 

WHITE PRECIPITATE WITH OXALATE OF AMMONIA, the 

presence of urate of lime is indicated (407). (Confirm 
404, 405, 406.) 



^ A very rare combustible calculus, discovered by Heller, is 
called urostealith. It is soft and elastic when fresh, but becomes 
hard after drying. When heated it evolves a resinous odor, some- 
what similar to that of benzoin. It is readibly soluble in ether, 
and sparingly in alcohol. 

14 
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425. If it Ib suspected that more than one of the above 
8iil)Htanoc8 arc present in the portion of the calculas 
under examination, it may be gentle ignited^ and then 
troiiteil with dilute hydrochloric acid. 

(a) If efkervehcenge ensues (the calculus before 
ignition, not causing effervescence with the acid), oxalate 
(or {)OHsibly urate (o) ), of lime is present (397, 400). 

(h) 8u}K)rsaturate the acid solution with ammonia; 
and if any precipitate is produced, examine it under 
the niicr()sco|)e for phosphate of lime and triple 
PHOHPHATR f382, 389). 

(c) Boil a little of the powdered calculus with water; 
and test the hot a(][ueous solution thus obtained, with 
oxalate of ammonia. If a white precipitate is pro- 
duced, urate of lime is probably present (407). (Con- 
firm 405.) 

Exammatioii of PaHinlly Combustible OahuH (415). 

426. When the calculus, or any portion of it, is found 
U) 1)0 ))artially couHumed when ignited, it is probably a 
mixture of one or more of the combustible matters 
enumerated in paragraph 413, associated with one or 
more of the incombustible ingredients mentioned in 
paragraph 414. 

427. A portion of the calculus, before ignition, may 
firHt Ixj examined for the organic or combustible ingre- 
dients, in the manner described in paragraph 419, a, i, 
and c. 

428. Another jwrtion of the calculus may then be 
gently ignited on platinum-foil, and the residue examined 
for tne inorgiinic matters, according to the directions 
given in paragraph 425, a, h, and c. 



BILIARY OALOULI OR OALLSTONBS. 168 



CHAPTER III. 

BXLXABT OALOULI OB OALL8T0VB8. 

429. Biliary calculi are usually of a pale yellow or 
brownish color; soft, soapy to the toucn, and easily 
crushed into small fragments by pressure : and the tex- 
ture of the mass is in most cases decidedly crystalline. 
The size most commonly met with is 

about that of a pea; but they are fre- ^'®- ^^' 

quently found much smaller, and occa- ^^ 

sionally almost as large as a pigeon's egg. ^i. 

The form is generally irregular and jj^ ^^^ 

somewhat angular, as shown in Fig. 61. ^^ ^^tt/^ 

430. They usually contain from fifty bj^^^ ^^^^^^ 
tx) eighty per cent, of cholesterin (QaH^ 

O,) ; the rest of the concretion being made up of biliary 
resin and coloring matter, mucus, and traces of other 
animal matters,^ with a small quantity of inorganic 
salts. The percentage composition of tnree specimens 
analyzed by Brande was as follows : 

I. II. in. 

Cholesterin, .... 81.25 69.76 81.77 

Biliary resin, .... 8.12 5.66 8.88 

Bile pigment, .... 9.88 11.88 7.57 
Albumen and salts extruotable 

by water, .... — 8.88 

Biliary mucus, .... 6.26 18.20 

431. Heat a small fragment of gallstone on platinum- 
foil ; it will fuse and burn with a bright but smoky flame, 
leaving a small fixed residue, consisting of inorganic salts. 

432. When coarsely powdered, it dissolves readily in 
boiling alcohol ; and on cooling, the cholesterin crystal- 
lizes out in the sform of fine scaly crystals (Fig. 62), 



Among which stoarato and palmitato of lime have'been noticed. 
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wliili' ihr Mliiiry ni<iiii>ii>t unit coloring miittcrH rpnuiln 
ill sohiliuii, K'^'iiiK '!>" Ii<)<'i<l liyt'llowmli tiiifrc. 

'i:t:t. It is iiiHiimlilo ill dihib) iiitH<! nn<l liydnN-Jilorir 

ai-idhi, (I in ihw>Uilil(! iilwt in ii Hohition of jtotwh; 

tlinrt (lillctriiic fnmi iitlKT 

*'"'■ "- iiitty iiiid oilv Hulirtaii- 

«»t, wliicli (!)ioI(<Ht(^riii re- 

m!in1>ti<H in many iwrtM. 

ClmlratcTiii iM niiiRd 

ill liirgt! ijtnuitity hi the 

flniil in uvuriitn (ln)]iHy, 

niid in Iiy(li-o(!(!l». 

-t.*!-!. l"i»r amontt^nn- 
l»I('Ui imalyMiH of Wliaiy 
»ii.*irt..rin. wilt^nli, J)r. TlmiUdiiim' 

n^-oniniuiiilH tlic follow- 
ing liitN-i'Hi' ; Till' iMiwili^iiil oiilcnliiM in iligcshNl with hot 
Ih'iiwiIc. wliii'li .liswi.lvi-H llic clioiiwh^riii. The rwidiie, 
liiivitin Ix'cti wiislittl Willi nhM>liol, mill dried, w (rcat«l 
widi otlii-i- tuid a lillli! nilnn lU'id, hy wliiolt th<! ftitty 
iii'iilH 1111^ n-iiiovi-d. < >ii wiiHtiiii); iJio rvHidno on thi! filter 
willi witter, |iIiim|iIiiiI('h iuuI nitniliw of linio nnd niujr- 
nitiiii lire exlriiele<l (with iMiiixioiially li little (!0|>]Mtr). 
Tile liiiiil ivHidne (uiiixisln of liitiury iHilon'tig matter, luiil 
II Niiiiill (iiimitily of earlliy wilt«. 




CIIAlTKIt IV. 

OOUIT OONOEBIIOHS. 

|;tri. Til hXKeiulliy (i>iUTef ions, wliiiJi loriii in ihc^Joiiitrt 
ol' (piiity [xTSDiiH, lire iisniilly wliile, or iiiwrly no, soft 
and frialile, rloselv i-eseiiililiiiK eliulk in :i|i|H<nriinee, anil 
lieiua- eoiiinionly Idiiiwii lis vhiilknlinirn. T\h\\ neeni to 
viirva>{(KHldeiil in<iiiniM).''ilion; hut in liirgi-eiit niajoritv 
of those wliieh liiive hmi iiiiiilvMil id iinilr of* siHfii 
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(NiiOjIIOjC^ioHjN^OJ ajmearH to form the j)rinoii)al and 
inoHt (!hara(;tX!riHti<5 ingredient. They (^ontahi alw) a eoii- 
Hidernble quantity of chloride of Hodium and dried ox^lhilar 
tiHHue; with oeeaHionally urate of lime fCaOjIIOjCLHaN^ 
OJ, plionnhateof lime (JKM),lH)g), ana chloride of potaw- 
fiiuni. '1 he j)reHenco of a lar^o quantity of uric acid 
may be whown by the formation of the puri)lo-colored 
miu'cxich^, when a little of the concretion, in jwwdcr, is 
tnnitiul with nitric a(nd and ammonia^ in the manner 
deiHcribed in paragraph 371. 

(Jfualiidtive Examination of Oouty Con(ytrtionti» 

4JJ(5. Reduce the concretion int<jnded for analyHiH to 
tolerably fine powder, and dij^ent it in (;old watc^r to din- 
fiolve out th(5 (uiIoridcH of Hodium and potaHHium. Filter 
the solution from the iuHoluble ])ortion, which muHt be 
rcHcrved for 8ubHe(juent examination (440). 

437. Test a few drops of the aqueous solution thus 
formed with nitrate of silver. A white curdy jmnnpitato, 
which is readily soluble in ammonia, but insoluble in 
nitric acid, will show thepresen(!eof oiilouink (chloride 
of j)otassium or sodium) (41, a), 

438. Mix the rest of the aqueous solution with bichlo- 
ride of j)latinum ; evaporate the mixture to dryness, or 
nearly so, on a water-bath ; and observe the yellow, 
ncicdle-shaped crystids of the double chloride of sodium 
and j)latinum (NaCl,Pt(>lA showing the i)resenco of 
HODIUM (chloride of sodiunn. 

431). Add a little ahjohol to the (^vajKmitcjd residue, 
and obs(^rve whether any small, yellow, sandy-looking 
(Jiystals remain undissolved, indicating the presence of 

POTAHHIUM (41, fi). 

440. The portion which provcul insoluble in cold water 
(436), may now be treatcul with hot wat(U', and gently 
l)oiled witn suexiessivc^ small (piantities of the licniid as 
anything aj)pears to dissolv(^ Th(i urate of soda ih thus 
slowly dissolved, togcither with any unite of linui that 
may be present (07, 404). Th(^ nuitter whi(!h ])rov<'s in- 
soluble in the hot water is to be retained for HubH(M|uent 
examination (444). 
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441. Hydrochloric acid is now added in slight excess 
U) the liot tuiiUHUiH Holution, and the mixture set aside until 
it o(M)Ih, in ord(ir to allow the uric acid, which will have 
IxH'n diHplaced from the soda and lime by the hydrochloric 
nuid (405), to Hcpanitc completely from the solution. The 
uric mud in thus prccinitated ; leaving in solution chloride 
of wMlinm, and aim), in cnsc any urate of lime was present 
in th(! (^>n(trction, a little chloride of calcium. 

442. The mixture thus obtained is filtered. The uric 
Acw may Ik) cxamiiuHl with the microscope and with 
other t4'HtH; (•37«^, *^71); and a little of the aqueous solu- 
tion may be neutralized with ammonia, ana tested for 
liiMK with oxalate of ammonia (171). 

44*3. The rcHt of the a(iU(H)us solution may be evapo- 
rated at a gentle heat with bichloride of platinum ; when 
the yciUow iuxkIIch of the double chloride of sodium and 
])lutinum will ])rove the ])resencc of a large quantity of 
HODA derived from the urate (435). 

444. The nHuaining t)ortion of the concretion, which 
rcHisted the ax^tion of the hot water (^440) may now be 
(ixamined. It will probably be founa to consist chiefly 
of dri(Hl (Milhilar matter, with pcrha])s a little phosphate 
of lime (135). The animal matter may be burnt away, 
by kee))in^itatar(Kl heat until the blackness disappears; 
after which the iiieombuHtible residue may be examined 
in the manner described in paragniph 426, and will prob- 
ably be ibuiul to consiHt of phoHohate of lime. 

44/). T\u) following is an analvHis by T. J. Herapath 
of Honui ex>n(Teti()nH taken from the joints of the fingers of 
a man Huileriiig from gout: 



iract^B 



Fat, 1.128 

('hlorido of H(»(lium, .... 
PhoRphtito of Hodii, .... 
Kxiruutivo nmttor, .... 

Albumon, 

Urnte of Hodn, with Boinu iiruto of poiuHh, . 48.073 

Uruto of limo, 14.700 

IMioBphtito of iimo, 84.141 

I'orpnoHphiito of iron, trucuH 

Water and Iorh 5.004 
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CHAPTER V. 

SOLID BXCBB1EEKT8. 

446a. The separation of the proximate principles con- 
tained in the sohd excrements is effected by Dr. Marcet, 
by the following process : 

The fseces are exhausted by boiling alcohol, and rapidly 
strained through a cloth. The alcoholic solution, on 
standing for a short time, yields a deposit which is partly 
dissolved by boiling alcohol; the insoluble portion of 
this deposit is boiled with potash, which dissolves it al- 
most entirely, and the alkaline solution, neutralized with 
hydrochloric acid, gives a deposit otmargario add, whilst 
the acid filtrate, neutralized by ammonia, yields a precip- 
itate of phospfuite of lime. 

The alcoholic solution, after longer standing, deposits 
some margaraie of magnesia, and if exposed to cold for 
some hours, it gives crystals of exoretin. 

If the solution obtained by boiling the first deposit 
with alcohol be evaporated to dryness, the residue ex- 
tracted with ether, and the ethereal solution heated with 
alcohol and lime-water, a precipitate is formed which, 
when treated with hydrochloric acid and ether, yields, 
on evaporating the ethereal solution, an olive-colored 
substance named excretolic axiid. 

If the alcoholic liquid containing the excretin (or from 
which the excretin has been separated by cooling) be 
mixed with lime, a yellowish-brown deposit is formed, 
which yields excretin to boiling ether. If the portion 
left undissolved by ether be treated with alcohol and 
hydrochloric acid, it gives a port-wine-colored solution, 
which deposits margaric acid on standing. If water be 
then add^, and the solution concentrated by evaj)oration, 
a brown substance separates, which may be purified by 
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Holutioii in etlicr and washing with water. It then much 
n^Miihlcs the eoh)ring matter of blood and that extracted 
!)y Dr. Jlarley from urine (36). 

Krrn'tin (CynllyHOgS). This new proximate principle 
(Tystalliz(« in four-sided prisms, which are insoluble in 
water, and simringly soluble in cold alcohol, but dissolve 
n'a<lily in ether. Its solution has a feeble alkaline reac- 
tion. It fuses a little IkjIow 212°, and is not dissolved 
by boiling with solution of potash. 

Kvrrcfolic aeidy the composition of which has not yet 
been deterniined, is a very fusible olive-colored body, 
wlii(^h is insoluble in water and in boiling potash, dis- 
solvi\s s])aringly in cold alcohol, but readily on heating, 
and is very soluble in ether. Its solutions have a marked 
ac^id reaction. 

As far as they have yet been examined, healthy human 
excrements contain — 

Excretin.^ 

Exorctolic acid. 

Peculiar red coloring matter. 

Margarates of lime and magnesia. 

Butyric acid. 

Taurin. 

Phosphate of lime. 

Phosphate of magnefiia and ammonia. 

Phosphate of potash. 

Insoluble and undigested matters derived from the food. 



1 Dr. Marcet estimates the average amount of excretin in each 
evacuation at about 2.8 grs. In the fadces of an infant cholesterin 
was found, but no excretin. The faeces of a man with a diseased 
pancreas contained a large proportion of bistearate of soda. 
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PAET III. 

BLOOD. 
CHAPTER I. 

HEALTHT BLOOD. 



SECTION I. 

General Characters of Blood, 

446. The general appearance of blood, as it flows from 
the vessels through which it circulates in the living body, 
is familiar to every one, as an opaque, slightly viscous 
fluid, of a more or less brilliant red color; that from the 
arteries being brighter and more scarlet than that from 
the veins. It has, while warm, a faint though character- 
istic odor, differing in the blood of different animals, and 
a saline and disagreeable taste. The specific gravity of 
healthy blood appears to vary from 1050 to 1058, the 
average being about 1055. It is always alkaline^ to 
test-paper, from the presence of an alkaline carbonate. 

447. While circulating in the vessels, blood consists 
of a nearly colorless and transparent liquid, in which 
float myriads of minute vesicular bodies or corpuscles, 
of which by far the greater number are of a bright red 
color ; and these, being so small as to be individually 
quite invisible without the aid of a tolerably good micro- 
scope, give the blood, when seen with the naked eye, the 
appearance of being a homogeneous red fluid (451). A 
few of the corpuscles are colorless, and differ also in other 



^ In certain morbid conditions an acid reaction has been observed 
in the blood, duo, it is said, to the presence of free lactic acid. 

15 



170 GENERAL CHARACTERS OF BLOOD. 

rcsi)cct8 from the red ones (464). The fluid portion of 
the blood, in which the corpuscles float, is usually called 
the lupior Hanyuhm. 

448. The most remarkable peculiarity presented by 
the blood i.s the spontiineous coagulatiou which it \yegvm 
to niidergo almost immediately after being drawn, grad- 
ually separating into a more or less firm and solid red 
coagulum or doty consisting of (K)agulated fibrin mixed 
with the c()r|ms(^lcs, and a pale yellowish, transparent, 
watery li(|uid called the serum, holding in solution all 
the other solid matters of the blood. The nature and 
cause of this phenomenon will be mor^ fully explained 
further on (473). The specific gravity of the serum is 
lower than that of the entire blood, being about 1029. 

449. The chemical composition of the blood is highly 
complex ; and though the nature of the principal ingre- 
dients is now tolerably well understood, our knowledge 
of the more obscure parts of its history is still very im- 
perfect. The following substjmces appear to enter into 
its composition (Simon), and probably further researches 
will reveal the presence of other compounds, and, per- 
haps, also j)rove the non-existence of some of those now 
included in the list. 

Water, 
r Albumen, 
Protein compounds, -j Fibrin, 

( Globulin, 

Coloring matters, . / Hoematin, 

° ' \ Haimapnaein, 

f Alcohol extractive (containing traces of 
Extractive matters, ^ urea), 

Water extractive, 

Cholosterin, 

Serolin, 

Mar^aric acid. 

Oleic acid, 

Red and white solid fats (containing phos- 
phates). 

Oxide of iron. 

Albuminate of soda. 

Phosphates of limo, niatijnesia, and soda. 

Sulphates of potash and soda, 

Carbonates of lime, mni^ncsirt, and soda. 

Chlorides of sodium and potassium, 

lactate, urate, and probably hippurato of 
soda, 

Oleate and margarato of soda. 



'•{ 



Patty matters, 



Saline matters, 
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r Oxygon, 
GaaoB,' . . < Nitrogon, 

( Carbonic acid, 
Sulphur, 
Phosphorus. 

450. It will, however, be more (H)nveiuent for our 
present i)ur|)OHe, to (consider the eoiiHtitueiitH of tlie blood 
jiH arranged in the followiiij^ nuuiiier, the more imiK>rtant 
Hiil)8tan(;eH only beinjj; plac^ed H(»[)arati»ly, and the others 
being, for the nake of simplic^ity, grouped together: 

Water, 

Hod and white corpuBclcfl, 

Albumon, 

Fibrin, 

Alcohol extractive, 

Water extractive. 

Oily fatH, 

(.VyHtallino or solid fats. 

Fixed saline matters. 

A nhort description of eaeh of these subfltanecfl and 
groujis, will iiHsist in rendering the subsequent analytical 
operations, both qualitative ana (pmntitative, more simple 
and intelligible to the student. 

SECTION II. 

Blood' (hrpuselcs. 

451. If freshly-drawn blood, previous to coagulation, 
be examined under the mi(iroscope, it will be found to 
(H)nsist of a transparent and nearly colorless fluid, in 
which float innumerable minute, circular, disk-shaped 
bodies or corpuscles, of which by far the greater number 
aj)pear of a pale yellowish (?olor, though they an^ in 
reality red; the paleness of the color being caused by 
the red rays from eac^h of the (!()r|)usc-les being spread 
over so large a surface. It is to these corpusc^les that the 
red c>olor and opacity of th(^ blood two, duc^ ; the ii(/uor 
HanguhuH or fluid portion of the blood, in whi(^h they 
float, J)eing nearly colorless and |)erfcctlv transparent. 

452. These minute bodices, whi(;h, wIkmi th(» blood is 

^ These g;ase8 at)pear to bo contained, at leant chiefly, in the blood- 
corpuscloH; the serum hMH been shown to have vury little power of 
absorbing gasos. 
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tir>«t<li-iiwn,flii:tt fn*ly in tin? /»/•((»■ mirtjruinwtjoocmtionally 

ndlii'if^ tof^'tlior, fiiniiiii^ littlv aggrc^tioiiH r(rt«<;tnbling 

ntriiiK« ofTjoiKliit or foIIb cif coin 

y,u. Ki. {V"iii- *»'*); this arranK<-'mcnt, Iiow- 

irviT, iH not alwuya ]K!rinanent, 

iirid tliu corpuHttlcH ^ruihinlly be- 

i-nint! affuiii dimmituil aiid K»tter- 

^^ ^^ isl. The temlc'iKiy to aggregate 

t^Hjflip sV tnfpithcr iH iwimlly grcutcr during 
M^m9 ^HV tlic inflnniiniitMry Htntc, frequently 
-^^"B ^^» iiumtng till! rwi eormincleH to wtl- 
Ux't in irregularly Htiapcd intu<)W!>, 
i!i.rai<„r|.ii«-i.N majdiriiiri loff wliii-li Hink inoro ramdly than 
ii!arii.tir», wImui tlH'V ttFc dctauhLxi fi"om aicJi 

iitlior. ThiH 18 one of tlic canw» 
wlii(;li tend to |in>dtHip wlint is known uh t!ic ftvffy coat, 
wliicli wiiM (iiniui'ly HniipiMcd to Ik; alwnys indioittivc of 
iiifltuiiniation, Imt wIiicli liaH nince beuii found to be 
fiimxHl ulniiirtt wlientivor tlic filirin, from wlintevcr cause, 
cOHgidntfH mort! nlowIy, cir tli«r cfirijuHclcH HubHide more 
nipi<lly, tliiui ill ticidlliy l)l.«Ki (4.'")4, 473). 

4.W. Tiip rcii noriHiwdlcH of liuiuim I)I(kh1 Imvp an avct^ 
iigc diameter of nlxiut j^'g^ 
'^'"' "'■ of an ineli. Tliey arc ncarlv 

i!in;ul:ir, fliitteuod dirtkn, Kv.ii 
Ix'ing Bliglitly depressed and 
i^Hicave in the centre; tlioir 
tliieknewtiijUHiuillyalxiutonc- 
fourtli or one-fifth of tlieir 
diunieUir (Fig. (14).' 

41)4. W'Ikhi, owing to the 

wdidifii^tion of the fibrin, tlio 

'iLiiiiM.a<!r.r bIciiKl i-o:igu]af(>H (47:t), the 

i'(ii't>iiH<;li>s fr|-;i(]imlly iHHHnnc 

entangh^l in Hie network of Itii! soIi<lifying eliit, whieh 

it* in<;iniH'i|neni-eof a bright nsl color; wliiie llie Hemm, 

or defibrinHf<-<I Ui/iiin' mnigiihiln, \h h-ft iieiuly (!olorl(»«t as 



<!■) ®®"' 






' For furtlicrimi 
corpUHClRH, »cii TimI 
I'hjBioloj-y "fMslL 



Inii^liirn iif tlio bIdcM]- 
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th« clot Hul)si(le8. In consequence of the corpuscles 
boin^ slightly heavier than tlie liquid in whicn they 
float, they bej^in very slowly to subside almost imme- 
diately after the blood is drawn ; so that the lower por- 
tion of the^ clot usually contains a larger proportion of 
them, and has consequently a deeper color than the up- 
per. This is the case to a renuirkable extent in certtun 
morbid conditions of the blood, which will be noticed 
further on (589). 

466. The red corpuscles appear to consist of delicate 
membranous vesicles, filled with the red fluid to which 
they owe their peculiar cx)Ior, which fluid is supposed to 
(jonsist of a coloring matter containing a considerable 
quantity of iron, to which the name of heematin has been 
given, associated with a protein compound, in many 
respects analogous to albumen, and called globulin. The 
inclosing membrane, which is highly elastic, appears to 
be composed either of coagulated fibrin or albumen, or 
of some other modification of protein closely allied to 
them. 

456. When placed in solutions of different densities, 
the phenomena of endosmosis and exosmosis presented 
by the corpuscles are very curious and interesting, and 
may be seen with great facility with the help of a tolera- 
ble microscope. As long as the fluid in which they float 
is of the same density as that which they contain — such, 
for instance, as the liquor sanguinis — the corpuscles expe- 
rience little or no change of form. But if the external 
li(|uid is less dense than that contained in the corpuscles, 
the latter will become more or less distended and globular, 
owing to the lighter fluid, in obedieiu^e to the well-known 
laws of endosmosis, passing through the membranous 
vesicles into the interior more rapidly than the heavier 
fluid within can pass outwards. If, on the other hand, 
the external liquid be more dense than that contained 
within the corpuscles, the contmry eflfecit will be pro- 
duced, and the corpuscjles will immediately bt^gin to 
collapse and assume a wrinkled ap{)earance (Fig. <)5). 
This change of form not unfrequently takes phuje si)on- 
taneously, while a drop 'of blood placed betwe(Mi two 




174 BLOOD -00RPUS0LB8. 

8uriju»es of jjcliuw is Iwiiig examined under the mlcro- 

j,j^j ^^. scoi)c, enpocially near the 

edges, where,owlng to eva- 

® , r^ ^^r\ iM)ration, the h'quid with 

'^ (^ ® .. .-^ which the W)rj)uscles are ill 

^:\, ,^ f^ '® '^ contact gradually become 

-.-•>«#«> x-^ ipi^/^ more concentrated, and 

consequently more dense. 
ff 457. The liquor san- 

^ •■ ^® ®0^ ^ f;»"J«' ^J5 fluid portion of 

— ""^ — ^ - tlic blood, as it exists m 

«l...HlHior,.u«jl.» n,lla,»..<l. inaKnl(l«l j,,^, Jj j J^j ^ , 

tore it undergoes coagula- 
ti<ui, jij)p(*ars to possess tlio same density as the red ifluid 
containtHl in the vesicles ; so that, as long as it continues 
so, no change takes pla(*e in the form of the corpuscles. 
AVlu'n, however, the fibrin, which was before dissolved 
in the liquor sanguinis, has coagulated, the resulting 
serum becomes less dense, in consequence of its holding 
in solution a smaller amount of solid matter (448). The 
effect of this upon tlu^ blood-eorj)uscle9 is to cause them, 
when in contact with the serum of coagulated blood, 
gradually to (Milarge in size, in ccmsequence of the in- 
creased ra{)idity with which the leKs dense serum enters 
through the membranous integument. 

458. li' the hmI (M)rpus(^les be brought in contact with 
water, the change is extremely raj)id ; they instantly swell 
to a much larger size, the vesicles becoming less and less 
distinct, until at length, unless the (juantity of water is 
very small, they almost (entirely disappear. 

451). When, owing to the action of water, or some 
other liquid of comparativc'ly low sj>eeific gravity, the 
corpuscles have beconu^ distended, tluy niay, if the dis- 
tension has not becjii allowed to go too far, be again 
brought back almost to their original siz(», and even be 
made to assume a wrinkl(Kl appearance, by bringing them 
in contac^t with a tolerably strong solution of sugar, or 
of certain salts, as chloride of sodium or (chloride of am- 
monium. 

4()(). The (H)rj)uselcs readily dissolve* in a solnti«m of 
p(»tjish, ammonia, acetic? acid, and sonic other fluids. 
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461. Although we are unable to separate the corpus- 
cles from the blood by filtration, since they pass readily 
thro^igh the pores of the filter, it is found that when 
mixed with certain strong saline solutions, they are re- 
tained by it. A solution of sulphate of soda, for exam- 
ple, having a specific gravity of about 1.13, when mixed 
with the blood, effectually prevents the passage of the 
corpuscles through the filter. This remarkable property 
has been applied by Figuier to the purposes of analysis 
(582).^ 

462. When blood is allowed to dry at common tem- 
peratures, and is subsequently moistened, even after the 
lapse of considerable time, with some liquid having a 
specific gravity similar to that of the serum (448), the 
corpuscles are found to have retained their characteristic 
form and appearance, and may be readily distinguished 
under the microscope. This circumstance has been inge- 
niously applied for the purpose of solving a question 
winch in some medico-legal inquiries is one of grave im- 
portance, viz., whether the stains found on clothing or 
elsewhere are or are not stains of blood. 

463. For this purpose the stain is to be moistened, 
and gently rubbed with a little fresh white of egg, or 
some other fluid having a specific gravity of about 1030 
to 1050. It is then scraped off, and a little of the mix- 
ture examined under the microscope with a tolerably 
high power, when, if the stain consisted of blood, the 
characteristic corpuscles will, in most cases, be distinctly 
visible. 

It is, of course, desirable to obtain chemical as well as 
microscopical evidence of the presence of blood in the 
stain under examination. With this view, the stained 
material should be soaked in a little water for an hour 
or two, when, unless the stain be of long standing, a por- 
tion of the blood will be extracted, imparting a dingy 
reddish color to the liquid, to which the following tests 
should then be applied : 

^ According to Dumas, oxygen should bo passed through the 
liquid during filtration, and solution of sulphate of soda allowed 
to drop into it, in order to prevent the obstruction of the pores of 
the filter. 
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(a) lioil 11 portion in iitiMt-tulx^; n dirty red cooiruhim 
slioiihl 1)0 iorinod. On (linsolvinf^ thin in boilinp^ |)otaHh, 
t\w solution sliould Ixi ^rcion by tranHinitted and ml by 
r<»tloct<»<l lij^ht. 

(h) ( -lilorino-wattT hIiouUI decHiIorizo the liqnid, and 
product* 11 whitr ll<N^*ulont pr(M*i pittite. 

(r) Nitrite acid nliould producer ir brown <x):i^nlnm of 
albumen and colorinjr niatt-i^*. The albumen may also 
be t4'Ht«Ml for with chIori(h^ of menniry, and with luwtio 
acid and fcrrocyanidc of potassinui (1»}7, l.'JH). 

(</) Kvaporatc i\\v. r(Mnain(h»r of th<^ H(>Iuti(»n to dry- 
n(>ss, and heat the resi<hie, observing whether tiie oifen- 
HJve o(h)r of burnt blood is evolv<Ml. Ineinerate the 
rcsi(hie C4)niph^telv, and boil the anh with a fewdn)|)Hof 
hydnx^hloric a(*i<l ; dilut^i the solution with watcsr, uml 
t'Cst for iron with fernxyanide of potuHHinm. 

If i\u\ blood has not \n\im extnuit'CHl by Hoakin^ in 
water, the |)i(*c(* of stuif with the stain Mhonhl l>e pliu*(Hl 
in a Htout ^lass tube, closed at one end, about half an 
inch in diani(*ter, and five or six inehen lon^. About a 
drachm ofdistilh^l wat't^r should be ponnul upon it, ami 
tin; tub(^ drawn out and sealed l)eforo the blowpi|)c, at 
about two inch<>.s from the open end. The scuiled tal)C 
is then heat(^l to about ;J()()" to 810^ Fahr. for about an 
hour.' At this UnupiTature the fibrin as well tiH the 
albumcui of tlu^ stain will dissolve in the water. When 
th(! tub(> has (;ool(ul, it may be opened with a Hie, and 
the litpiid (examined. It should have a yellow or reddish 
color, and a f(;el)le alkaline reai^tion U) n^ddeiuNl litmus- 
pn|)er. Of course*, it would not be ooa^^ulated by heat, 
but nitrie acJd, (^hloridc^ of mercMiry, and ferroeyanide of 
potassium (aft(u* aci<lifyinj; with a(!etiea(Md) should yield 
precipitates. 

Th(i fabric from whi<*h tlu; soluble matter has thus hvam 
extrac'ted, will ^cMUTally retain sonn^ of th(» iron of the 
blood, and may Ix* (*xamin(Ml, for furtlnir (^<nifirnuition, 
by the following, tests : 

(a) If it b(> boiled in wat(>r (M)ntninin^ a little tannic 

1 Thirt limy bo otfootod uithor hy HUH|)nii(liti^ it in oil which in uftur- 
wurdH hnuied to tliiit tutnp(irHturo, or by pltuMn^ it in u liot-ulr bnth. 
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acid, or tincture of galls, it acquires a black or gray 
color. 

(b) The same piece may be boiled with a little dilute 
hydrochloric acid, the sohition diluted, and tested with 
ferrocyanide of potassium for iron. 

(o) Another piece may be boiled with hydrochloric 
acid, and the solution tested for iron with ammonia and 
hydrosulphate of ammonia. 

It is always advisable to repeat the above experiments 
with an unstained portion of the same fabric, especially 
if the latter be made of a colored material. 

IdetUiJioaticni of Blood-spots upon Iron, — Spots of blood 
are generally much more easily detached than those of 
ordinary rust, and may be recognized by the following 
tests: 

(a) Digest in water at about 100° Fahr. A recent 
stain will be dissolved, and the solution may be tested 
by boiling, by nitric acid, and by chlorine (see above). 

(6) If water does not dissolve the stain,^ boil it with 
a dilute solution of potash, and test the solution with 
nitric acid and chlorine, 

(c) Heat a portion of the suspected rust in a tube, and 
observe the oaor. 

(d) Heat another portion in a tube with a fragment of 
solid hydrate of potash or soda ; notice if any ammonia 
is evolved during the fusion. AH rust would evolve a 
little ammonia; but an abundant evolution of this sub- 
stance would afford some evidence of the presence of 
blood. A part of the nitrogen contained in the blood 
would be converted into cyanide of potassium, which 
may be detected by dissolving the fused mass in water, 
adding a little solution of protosulphate and perchloride 
of iron, followed by an excess of acetic acid, which should 
leave a blue precipitate (Prussian blue). 

464. White Corpuscles of (lie Blood, — In addition to the 
red corpuscles, tnere are always present in the blood 



^ Kose (Jour. Pharm., xxviii, 486) has proved by diroct expcri- 
ment that hydrated peroxido of iron (ruet) forms an insolublo com- 
pound with the coloring matter of the blood. 
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a few colorless ])articlw,^ somewhat larger than the 
colored ontv, and otherwise differing from them in 

general appearance and 



I'll.. <;«;. 




White CorpUHcIcH of tlK* lUood, inugiiifii-d 
400 <liaiii('t«'r«. 



Structure (Fig. 66). The)' 
arc of irregular forms, 
sometimes spherical, 

slightly granular on the 
surface^ and appear to be 
identical/ or nearly so, 
with the peculiar cor- 
puscles always present in 
the lymph, and the chyle. 
When treated with acetic 
acid, the granular exterior 
becomes transparent, as in the corpuscles of pus, and 
on(» or more internal nuclei are rendered visible. 

465. The proportion of corpuscles present in healthy 
bloml is usually about 130 parts in 1000 {573y 

465tt. Hamiatln, — In order to separate the peculiar 
coloring matter of the blood-globules, freshly dra^vn 
blood, which has been defibrinated by stirring, is mixed 
with eight volumejs of a saturated solution of sulphate of 
soda, and set aside, in order that the globules may sub- 
side. The deposit is collected upon a filter, washed with 
solution of sulphate of soda, boiled with alcohol contain- 
ing a little sulphuric acid, and filtered while hot. The 
globulin is then removed from the solution by precipita- 
tion with carbonate of ammonia, the filtered solution 
evaporated to dryness on a water-bath, and all soluble 
matters removed from the residue by boiling water, alco- 
hol, and ether. By treating the residue with ammoniacal 
alcohol, the hsematin is dissolved, and may be further 
purified by evaporating the clear solution to dryness, and 
'washing the residue wnth water. 

The dark-brown coloring matter thus obtiiined is re- 
markable for its containing a large proportion (6.6 per 
cent.) of iron, it** composition being represented (accord- 



* Tlieso have a lower speeiHc gravity than the red oorpuselea, 
and, therefore, accumulate on the upper Hurt'ace of the clot. 

2 According to Denis, they con»"«»» one part of solid matter, 
and 1.8 of water. 
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ing to Mulder) by the formula C^^HagNgOgFe. If it be 
digested with cold strong sulphuric acid, it forms a brown 
liquid, and if this be diluted, hydrogen is evolved, and 
a dark brown substance left, whilst sulphate of iron 
(FeO,S03) is found in solution. Chlorine also removes 
the iron, but at the same time destroys the color, pro- 
ducing a white coagulum. In its general chemical 
characters, heematin resembles the albuminous class of 
substances, 

Hcematoidin, or Blood-cry stah, — When a drop of blood 
is diluted with a little water on a slip of glass, lightly 
covered with a piece of thin glass, and left in the sunlight 
for some hours, minute red prismatic crystals of hcema- 
toidin will sometimes be perceived. 

Hsematoidin is also met with in old extravasations, 
and Robin^ has examined a mass of crystals of this sub- 
stance weighing about fifty grains, obtained from a hy- 
datid cyst in the liver. An analysis of these crystals led 
to the formula Ci4HgN024-HO, and Robin believes them 
to represent hsematin which has lost all its iron, and ac- 
quired an atom of water. The substance obtained by 
treating htematin with sulphuric acid has almost exactly 
the same composition. Hsematoidin is very sparingly 
soluble in water, and insoluble in alcohol ; but it dissolves 
in ammonia, yielding a red solution. 

Lehmann obtained a red crystalline substance from 
the blood of guinea-pigs, rats, or mice, by washing the 
clot with water, filtering the red liquid, and passing first 
a current of oxygen, and afterwards carbonic acid. After 
a time the crystals separate, and may be Wi shed with a 
little water. This substance, which has been named 
hffimato-crystallin, dissolves sparingly in water, the solu- 
tion being coagulated by heat, but not by chloride of 
mercury. In composition it somewhat resembles albu- 
men, containing more nitrogen and less sulphur. Much 
obscurity still remains to be cleared up with respect to 
these crystalline bodies obtained from blood. 

Dr. Carter ("Ed. Med. Journal,'' August, 1859) ob- 
tained from serum a substance yielding indigo by decom- 
position, similar to that extracted from urine (page 40). 

' Compt. Rend., xli, 606. 
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SECTION III. 

Albumen, 

400. This is one of the most important of the constit- 
uents of tlie blood, and, with the exception of the red 
(•orpiiscl(\s, is present in larger quantity than any of the 
other solid matters eontained in it. It is lield in sola- 
tion in the sennn, where it may readily be shown to 
exist by jjjently boiling in a tul>e a little of the clear, 
eolorless fluid from wliich the coagulated clot of fibrin 
an<l eorpusclc^ has sul)sided. As soon as the temperature 
rea(^hes about 170°, the albumen begins to coagulate, 
and on being lK)ile(l for a short time, separates entirely 
in tlu» insoluble form, 

4G7. It may also be precipitated from its solution in 
tlu^ scrum, by adding to the clear fluid a few drops of 
dilute nitric or hydrochloric acid (136, 141). Acetic 
acid fails to ])re(;ipitate it ; but if ferrocyanide of potas- 
sium be a^^ldcd to the acidified solution, a dense white 
precipitate is produced, even when the albuminous liquid 
is very dilute. 

408. When gently warmed with strong hydrochloric 
acid, albumen dissolves, forming a purple-colored solu- 
tion, in which respect it resembles fibrin and casein. 

469. When moistened with strong nitric acid, albumen 
becomes yellow, owing to the formation of xanthoproteic 
acid (2HO,(y3^H24N4()i2), which, together with oxalic acid 
(HO,C203), ammonia (iVJ/g), nitric oxide (NO^), and ni- 
trogen, is always formed by the action of strong nitric 
acid on the 8o-o4illed compounds of protein. 

460a. Heated with a solution of nitrate of mercury 
(Hgf),N05), albumen becomes intensely red (141a). 

470. It appears from the results of numerous analyses 
that the average amount of dry albumen ])resent in 
healthy blood is rather more than 70 parts in 1000(573). 

471. The composition of albumen is usually expressed 
by Mulder's formula (C4oyH3joNfto(),2„S2P); but considera- 
ble uncertainty still hangs ov(^r th(^ r(»al nature of this 
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class of bodies.^ It is even doubtful whether any phos- 
phorus exists in albumen, except in the state of phos- 
j)horic acid, as a constituent of the ash. By some chemists 

albumen is regarded as containing Cj^^HuoNjgSgO^j J ^^^ 
since the serum of blood always contains nearly 2 per 
cent, of soda, they consider it to consist of an albuminate 
of soda, in which one atom of the above albumen is com- 
bined with each atom of soda. As the more important 
peculiarities of albumen have been already noticed in 
the chapter on morbid urine (133, 235, &c.), they need 
not be again described. 

SECTION IV, 
Fibrin, 

472. This substance, of which muscular fibre is chiefly 
composed, is closely allied in chemical composition and 
general properties to albumen ; and it is, indeed, not 
improbable that both are, in their chemical relations, 
merely modifications of the same compound, which, from 
the circumstance of its being apparently the basis, not 
only of albumen and fibrin, but also of casein (625) and 
some other analogous substances, has been called protein, 
from npwTsuw^ I am first? 

^ The percentage compoBition of the three so-called protein com- 
pounds^ albumen, fibrin, and casein, is as follows : 

Albumon. Fibrin. Casein. 

Carbon, . . . 66.46 54.46 64.66 

Hydrogen, . 
Nitrogen, . 
Oxygen, 



Sulphur, 
Phosphorus, 



7.20 7.07 7.16 

16.48 17.21 15 72 

18.27 19.86 21.65 

2.16 1.69 .92 

.48 .83 



100.00 100.00 100.00 



The mineral constituents, such as phosphate of lime, from which 
these substances can never be completely separated, have been ex- 
cluded from this calculation. 

A peculiar modification of albumen (albuminoae or peptone) has 
been observed in the liver and in blood, differing from normal 
albumen in not coagulating when heated, and from casein in not 
being precipitated by acids. 

' The existence of protein as an independent proximate principle 
appears very doubtful. Mulder represented fibrin as a compound 



182 HEALTHY BLOOD. 

473. While circulating]^ in the vessels, the fibrin of the 
1)1()<m1 is held in a state of solution in the liquor sanr 
(jHiniH ; hut no sooner is the blood removed from the 
system than it In'^ins to separate in a solid state, after 
which it lMHH)nics (juite insoluble in water. This solidi- 
fic^ition of the iibrin is the cause of the well-kno\ni 
])hen()nienon of coagulation, which blood experiences 
almost innncHliatcly after it is drawn; and although the 
eoajifuluni or clot contains the blood-corpusclea in addi- 
tion to tlui fibrin, these have merely been entangled in 
the network of (K)atijulating fibrin, and do not themselves 
play any active part in the procass of coagulation.^ 

474. The coagulation of blood may be retarded, and 
even altog(»tluT prevented, by the presence of certain salts 
and other substances. The alkalias, for example, and 
their carbonates and acetates, entirely prevent it; and 
tolerably strong solutions of sulphate of soda, nitrate of 
potiish, nitrate of lime, chloride of ammonium, and some 
other salts, retjird it for a considerable time. The latter 
salt, indeed, gradually dissolves fibrin, aft:er it has been 
allowed to coagulate. Most of the dilute acids, also, 
cause bl(KKl to retain its fluidity, though it becomes, 
under their influence, more viscous and syrupy in its 
consistence. 

475. Contact with certain animal membranes also ap- 
pears to exercise a retarding influence on the coagulation 
of the blood. When infused into the cellular tissue, it 
has been known to (joutinue uncoagulated for some 
weeks ; and even in a tied artery, it remains some hours 
without coagulating. 

47G. It appears from the experiments of M. Denis, 
that if moist fibrin be digested in a solution of nitrate of 
l>otash containing a little soda, at a temperature of about 
100° Fahr., it becomes gradually converted into a sul)- 



of ten atoms of protein (C40H,, N5()|2^ with one atom of sulphur and 
one of phosphorus, hut the presence of the latter, except in the ash 
of fihrin, is disputed. The flhrin of muscle does not appear to he 
identical with that of blood, the latter containing a smaller pro- 
portion of sulphur. 

^ According to Dr. Kichardson, the coaguhiti<m of the fibrin is 
due to the escape of ammonia, by wiiich it was previously held in 
solution. 



HEALTHY BLOOD. 183 

stance in almost every respect identical with albumen ;^ 
being soluble in water, and coagulable by heat. This 
change is said to be most readily produced when the 
fibrin employed in the experiment has been obtained 
from venous blood, by allowing it to coagulate sponta- 
neously; while, if it is separated by agitation, or if the 
blood be arterial, it scarcely experiences any alteration 
in the saline solution. By drawing blood into a solution 
of sulphate of soda, so as to prevent the coagulation of 
the fibrin, filtering ofi* the globules, and saturating the 
filtrate with chloride of sodium, Denis obtained a pre- 
cipitate of fibrin, which dissolved in water, forming, a 
solution which gave, after a short time, a transparent 
coagulum of fibrin. 

477. Pure fibrin may be obtained without difficulty by 
receiving the blood, as it flows from the body, in a clean 
porcelain dish, and stirring it well for some little time 
with a glass rod ; or the blood may be shaken with a few 
small fragments of lead, in a closed glass flask. The 
fibrin, as it coagulates, collects in loose fibrous masses 
round the rod or fragments of lead, colored slightly red, 
owing to the imprisonment of a few corpuscles^ within 
the network of fibrin. These may be removed by tying 
the coagulum in a piece of fine muslin, and washing it 
under a stream of cold water until the mass becomes 
colorless. In this state it still contains traces of fatty 
matter and inorganic salts, together with a considerable 
amount of water. To obtain the fibrin, therefore, in a 
state of perfect purity, the washed coagulum must be 
dried on a chloride of calcium bath, at a temperature of 
about 250°, and, the dry mass then reduced to fine powder 
in a mortar. The pounded fibrin may afterwards be 
washed successively with alcohol, ether, and dilute hy- 
drochloric acid ; and lastly, macerated with cold or luke- 
warm water, until all the soluble matter is removed ; 
aft;er which it may be dried, as before, at a temperature 
of about 260°. 

478. If the blood from which we wish to extract the 



^ Fibrin sufTers a similar change when heated with water to 
about 800® Fahr., in a sealed tube. 
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fibrin has already coagulated, the clot is first gently 
j)r(»ssed between folds of bibulous paper, in order to 
s<|ueeze out the greater part of the adhering serum, and 
then cut into thin shreds with a sharp knife. The finely 
divided clot is then washed in a muslin bag under a 
g(mtle stream of cold water, until it becomes colorless, 
by whi(;h means the imprisoned corpuscles are washed 
out of the fibrous mass. The latter is then dried and 
reduced to powder, and subsequently purified by wash- 
ing and drying in the manner above described (477). 

479. Fibrin thus prepared is a pale, yellowish, homy- 
looking substance, hard, brittle, and, if all traces of &t 
have been removed, transparent. It is perfectly tasteless, 
and insoluble in water, alcohol, and ether; if kept for a 
short time in water, however, it gradually softens, swells 
up, and reassumes the ai)pearance it had previous to 
desic(*ation. When digested with acetic and most of the 
other acids, fibrin be(;omes gelatinous, and is in that state 
soluble in water. The acid solution, when treated with 
ferroc^yanide of potassium, gives a copious white precipi- 
tate, similar to that caused in albuminous solutions. 
Fibrin is also dissolved by digestion in a dilute solution 
of nitre, the liquid coagulating when heated. Like albu- 
men, and the other mcxlifications of protein, it forms, 
when gently warmed with strong hydrochloric acid, a 
purple-colored solution. With nitric acid, also, fibrin 
behaves like the other protein compounds, forming the 
yellow xanthoproteic acid (469). It also becomes red 
when heated with solution of nitrate of mercury (141a). 

479a. The fibrin of muscle (sometimes called syntonin) 
differs somewhat in proi)erties from that of blood. It 
does not dissolve in a dilute solution of nitre, but may be 
dissolved by digestion in very dilute hydrochloric- acid 
(1 of acid to 1000 of water), whilst blood-fibrin swells 
up and becomes transparent, but does not dissolve. 

480. When examined under the microscope, coagu- 
lated fibrin appears to consist of a rude network of 
amorphous threads, together with detached aggregations 
of irregular form similar to albumen. 

481. The average proportion of dry fibrin present in 
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healthy blood appears to be rather more than two parts 
in a thousand (573). 

SECTION Y. 

Extractive Matters. 

482. Of the real chemical nature of the substances 
included under the name of extractive matters, little is 
yet definitely known, though they have frequently en- 
gaged the attention of chemists. It is probable, however, 
that further researches will, ere long, throw new light 
upon this at present obscure class of substances. They 
include all the undefined, uncrystallizable organic matters 
which are soluble in water ; or, in other words, the ex- 
tractive matters of the blood may be said to include all 
the organic substancesi contained in it, with the exception 
of the corpuscles, albumen, fibrin, and fatty matters. 

483. Extractive matters are usually divided into alco- 
hol extractive and waier extractive ; the first including that 
portion which is soluble both in water and alcohol ; and 
the latter, that which is soluble in water and insoluble 
in alcohol. They are of a brown or yellowish color, and 
are characterized by their solutions giving brown precipi- 
tates with acetate of lead, but lione with bichloride of 
mercury. A solution of the alcohol extractive is pre- 
cipitated by an infusion of galls, which reagent causes 
little or no change in the water extractive. 

484. Traces of urea are probably always present in the 
blood, and would be contained in the alcohol extractive. 
The method of detecting it will be described further on 
(598). The minute traces of uric acid which appear to 
be usually present even in healthy blood, would be con- 
tained in the water extractive ; the mode of detecting 
them is described in paragraph 604.* 

485. The amount of extractive matters present in 
healthy blood seems to vary from one to three parts in 
a thousand. # 



* Sugar has been discovered in minute proportion in normal 
blood. Campbell has also indicated the pTeaetvce o^ «c\\\X\^ K<5xw\^ 
acid in the serum, 

16 
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SECTION VI. 

F(xUy Matters. 

480. Our knowledj^e of the fiitty matters contained in 
the blood is at i)resent far from being complete. They 
are usually dividwl into oih/fcUa and crystcMine fats ; the 
first iK'injjj soluble in cold alcohol, and the latter insoluble. 
The oily fats ai>poar to consist chiefly of oleic {HOjC^ 
11^.^ O3) and niarj^iric (IK), (\^H^0^ acids ; the crystalline 
fatty matter is ])robably a mixture of serolin with traces 
of ('holestorin (C^rjaH^^Og), together with one or more solid 
fats containing ])hos])horus.^ 

487. To obtain these fatty matters, a quantity of Wood 
is evapoKitod to dryness on a water-bath, and the dry 
n^sidno, after being reduced to powder, is digested in hot 
ether, suw^essive portions of which must be added as long 
as anything appears to be dissolved by it. The ethereal 
solution is then evaporated to dryness on a water-bath, 
and the residue, consisting of the mixed fats, treated with 
cold alcohol, which will dissolve out the oily fats, and 
leave the crystalline matters undissolved. The first may 
be obtained by evaporating the alcoholic solution on a 
water-batli ; and the unelissolved crystjilline fats may be 
dissolved in boiling alcohol, from which they will almost 
entirely separate, as the liquid cools, in the form of small- 
crystalline scales. 

488. The quantity of fatty matters present in healthy 
blood appears to vary from 1.5 to 2.5 in 1000 parts (573). 

SECTION VII. 
Fixed Saline MoMertt, 

489. The ash left after the incineration of the dry 
residue of evaporated blood appears to contain the follow- 
ing substances, viz., the chlorides of sodium and potas- 
sium ; the phosphates of lime, magnesia, and soda ; the 



1 The aorum also contains niinute proportions of one or more of 
tho volatile fatty acids (c (7., butyric or caproic), as shown by the 
odor which is developed on mixing tho blood with sulphuric acid, 
and varies in different animals. 
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sulphates of potash and soda ; and oxide of iron derived 
from the hsematin (455). If the ash has been obtained 
by the incineration of the serum, traces of alkaline and 
earthy carbonates will probably be rendered apparent by 
the effervescence caused by the addition of an acid ; but 
if the ash has been obtained by the incineration of the 
entire blood, no trace of carbonates will be observable on 
the addition of the acid. The cause of this appears to 
be, that some of the fatty matters present in the clot 
contain traces of phosphorus (486), which, during com- 
bustion, is converted into phosphoric acid (PO5); and 
the phosphoric acid thus formed decomposes the small 
quantity of carbonates derived from the serum, convert- 
ing them into phosphates. 

490. The saline matters of the blood may be conveni- 
ently divided into the alkaline salts ^ which readily dissolve 
in water, and the earthy salts, which require an acid for 
their solution. The alkaline portion of the ash consists 
of the chlorides of sodium and potassium; the sulphates 
of potash and soda ; and phosphate, with possibly traces 
of carbonate (489) of soda. The earthy or insoluble 
portion contains the phosphates of lime and magnesia; 
oxide of iron derived from the red coloring matter ; and 
possibly a little earthy carbonate (489). The presence 
of the bases and acids contained in these several salts 
may be shown by the following experiments. 

491. Digest from twenty to thirty grains of the ash in 
warm water, in order to dissolve out the alkaline salts, 
and filter the solution from the insoluble portion. The 
aqueous solution thus obtained may be first tested, retain- 
ing the earthy residue for subsequent examination (499). 

492. If the aqueous solution is at all dilute, it should 
first be concentrated by evaporation. To a little of the 
concentrated solution, add a slight excess of tartaric acid 
{2II0yC^H^0iQ)f and agitate the mixture with a glass 
rod. A colorless crystalline precipitate of the bitartrate 
shows the presence of potash. . 

493. To another portion of the solution add a solution 
of bichloride of platinum {PtCQ, and allow the mixture 
to evaporate to dryness, either spontaneously or at a very 
gentle heat. Minute, yellow, granular crystals of the 
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double chloride of platinum and potaBsium (KCI,PtClj) 
will 1)0 found depoftitcd, also showing the presence of 
i^)TAsii, In addition to these ^vill be seen long, yellow, 
ncHHlhi-shaped crystals of the double chloride of platinum 
and s(xliuni, proving the presence of soda. If the bichlo- 
ride of ])latinum has not been added in sufficient quantity 
to combine with the whole of the soda, a few detached 
cubical crystals of chloride of sodium will also be de- 
posital, which may be proved to be such by their well- 
known taste. 

494. The presence of soda may also be shown by 
adding to a little of the strong aqueous solution a few 
drojxs of antimoniate of potash [KO^SbO^j which will 
gradually cause a colorless crystalline precipitate of anti- 
moniate of soda (NaOjSbOg). 

495. To another portion of the aqueous solution of the 
ash, add a solution of chloride of barium, or nitrate of 
baryta, as long as it causes any precipitate. The sulphu- 
ric, phosphoric, and (if any (489) ), carbonic acids are 
thus thrown down in combination with baryta. The 
mixture containing the precipitate thus produced is now 
strongly acidified with hydrochloric acid, and ^varmed. 
If effervescence occurs on the addition of the acid, car- 
bonic ACID is probably present. The presence of sul- 
phuric ACID is shown by a portion of the precipifcite 
(sulphate of baryta) proving insoluble in the acid. 

496. Filter the acid mixture formed in (495), and 
neutralize the filtered liquid with ammonia. The phos- 
phate of baryta (2BaO,H(!),P05), whic^h had been dis- 
solved by the acid, is reprccipitatcd, indicating the 
presence of phosphoric acid (498). 

497. Acidify another portion of the aqueous solution 
of the ash with nitric acid : add a slight excess of nitrate 
of silver, and filter the liquid from the white precipitate 
occasioned by the silver salt. This precipitate may be 
proved to consist of chloride of silver (hydrochloric 
acid), by being readily soluble in ammonia, and insoluble 
in nitric acid. 

498. Accurately neutralize the acid solution formed in 
(497), with dilute ammonia; the pale yellow phosphate 
of silver (3AgO,P05), which had been held in solution by 
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the excess of acid, will now be precipitated, showing the 
presence of phosphoric acid (496).^ 

499. The earthy portion of the ash, which proved 
insoluble in water (491), may now be examined. It is to 
be dissolved in as small a quantity as possible of dilute 
hydrochloric acid, a gentle heat being applied if neces- 
sary. If effervescence occurs on the addition of the acid, 
CARBONIC ACID is present (489). 

500. A little of the acid solution may now be nearly 
neutralized with dilute ammonia, which should not be 
added in sufficient quantity to cause any precipitate. The 
liquid is then tested with a drop or two of a solution of 
ferrocyanide of potassium, which will cause, either at once 
or in the course of a few minutes, a blue color, owing to 
the formation of the ferrocyanide of iron (Fe^Fcyg), show- 
ing the presence of iron. 

501. The rest of the acid solution of the earthy portion 
of the ash may now be supersaturated with ammonia, 
which will throw down a white gelatinous precipitate of 
earthy phosphates. A little of this precipitate may be 
examined under the microscope, when it will be found 
to consist chiefly of amorphous particles of phosphate of 
lime (3CaO,P05), with a few crystals of the double phos- 
phate of ammonia and magnesia (2MgO,NH40,P05-f 
12Aq). The precipitate thrown down by the ammonia 
may also be examined for lime, magnesia, and phos- 
phoric ACID by redissolving it in acetic acid, and testing 
th6^ solution in the manner described in paragraph 47. 

502. The quantity of alkaline salts usually present in 
healthy blood, varies from about six to ten parts in 1000; 
and that of earthy salts from 0.5 to 1.5 in 1000 parts. 



^ The phosphoric acid may be detected with greater certainty by 
perchloride of iron, or the mixture of sulphate of magnesia, chlo- 
ride of ammonium and ammonia (41). 
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CHAPTER II. 

QUANXITATIVE ANALTBIB OF THE BLOOD. 

503. A (xmn.pyrE (juantitativc analysis of the blood, 
iiK^ludinjij th(^ sopanition from each other and estimation 
of all the iiigrc<lients, would be, even if our knowledge 
and resourdCH were nuich less limited than they are, in 
the InVlu^t dcigree (M)mplicated and difficult, while at 
])ri»sent it may be said to be altogether impracticable. 
For most purposes, however, a comparatively incomplete 
analysis, embracing the determination of the more im- 
portjint ingredients, is all that is required ; and in the 
majority of eases a knowledge merely of the proportion 
of fibrin, the corpuscles, and the solids contained in the 
serum, is what the medi(i{U practiti(mer chiefly requires. 

/3()4. I will first describe the mode of conducting such 
an analysis, by which the amount of water, corpascles, 
fibrin, and solids ccmtained in the serum may, with very 
little difficulty, be jiscxjrtained ; and subsequently go 
through a somewhat more complete scheme, by which, in 
addition to the above substances, the more inijwrtant 
constituents of the serum may also be individually 
estimated. (See sections 3 and 4.) 

505. When the blood intended for analysis can be 
collected in the proper vessels as it flows from the body, 
the process is somewhat simpler than when it has been 
allowed to coagulate; and the results are generally more 
accurate. As, however, this is frequently impracticable, 
I will also describe the method by which the analysis 
by coagulated blood may be effected. 
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SECTION I. 

Quantitative Analysis of Uncoagulated Bloody including 
the estimation of the water, corpuscles, fibmn, and 
the solid matters contained in the serum. 

506. Before proceeding to collect the blood as it flows 
from the body, for the purpose of analysis, the experi- 
menter should provide himself with three vessels, the 
exact weight of each of which is to be carefully ascer- 
tained and noted. These vessels are : 

1. A six or eight-ounce bottle, provided with k stop- 
per ; this bottle should be perfectly clean and dry, 
and of known weight. Eight or ten small strips of 
thin sheet lead, about half an inch square, the weight 
of which should also be known, are put into the 
bottle, which will then be ready to receive the blood 
(507). This bottle is used for effecting the separa- 
tion of the fibrin, 

2. A small platinum or Berlin porcelain capsule, capa- 
ble of holding from half an ounce to an ounce of 
water. This is used for estimating the proportion 
of water in the blood (508). 

3. A rather tall, upright beaker, or cylindrical glass, 
capable of holding about six ounces of water. 

507. The blood may now be collected. About five or 
six ounces of the fluid are first poured into the bottle 
containing the fragments of lead, which should then be 
tightly closed with the stopper, and kept gently agitated 
for about a quarter of an hour, in order to allow the 
whole of the fibrin to coagulate, and attach itself to the 
pieces of lead (477). This portion of blood we will call 
A (510). 

508. Two or three drachms of blood are collected in 
the capsule, which is then again accurately weighed, and 
the weight of the empty capsule, previously ascertained 
(506), deducted from the gross weight, in order to deter- 
mine the exact quantity of blood contained in it. It may 
then be placed on a water-bath, and evaporated to dry- 
ness. This portion we will call B (514). 

509. The beaker, or cylindrical glass, is to be nearly 
filled with the freshly-drawn blood, covered with a glass 
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pi a to, and s<»t aside in a tolerably cool place for tweuty- 
ioiir h()iii*s ; at the end of which time it will be found to 
1h* thoroughly coagulated, and separated into a firm clot 
and clear senini. This jwrtion we will call C (616). 

5 1 0. Tnttfrnrnt of tlu*. portion A, — When the blood has 
Ihk'u gontly shaken for about a quarter of an hour, imme- 
diatoly on being placeil in the bottle (507), the fibrin will 
1)0 found to have Hopamtod, and collected round the frag- 
niont.s of Iwid which have l>een previously introduced. 
The outside of the bottle is then cleaned with a wet cloth, 
and wipo<l dry. 

511. The weight of the bottle, with its contents, is now 
taken, in order to ascertain the exact quantity of blood 
oniploy(»d in the cxj)criment, which is known by deduct- 
ing from the gro.ss weight that of the empty bottle and 
the lead, the (liiference being the weight of blood oon- 
taine<l in it. 

512. The stopper is now removed, and the contents of 
the bottler ]X)ured out upon a piece of fine muslin placed 
in a small basin or saucer. The liquid portion is care- 
fully dniined off, and may l)e thrown away; after which 
the fibrin adhering to the lead is to be washed with a 
gentle stream of cold water, until it becomes colorless, 
in order to sej)arate from it the whole of the corpuscles 
and scrum. During the wasliing, the spongy aggrega- 
tions of fibrin may be gently pressed occasionally between 
the fingers, care being taken that none of the fragments 
arc lost. When clean, the fibrin is to be placed in a 
small evaporating dish, and dried on a chloride of cal- 
cium bath, at a temperature of 220° or 230°, until it 
ceases to lose weight. It is unimportant whether it is 
dried and weighed with the pieces of lead, or first sei>a- 
rated from them, since the weight of the lead, being known 
(506), may be deducted from the gross weight of the lead 
and fibrin, the difference being that of the fibrin. 

513. The weight thus obtained represents the propor- 
tion of FIBRIN in the quantity of blood used in the ex- 
periment; the proportion in 1000 parts of blood may 
afterwards be ascertained by the following calculation : 

fWt.ofbloodl . r Wt of fibrin \ i^,^. / Quantity of fibrin in ) 
( employed. ]'\ obtained, r*^*""* i 1000 parts of blood, f 
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514. Treatment of the portion B. — The capsule contain- 
ing the portion B, aft^r being accurately weighed (508), 
is allowed to remain on the water-bath (or still better, on 
a chloride of calcium bath, heat^ed to about 220° or 230°), 
until it ceases to lose weight on being weighed at inter- 
vals of half an hour or an hour, care being taken to wipe 
the outside clean and dry each time. When the weight 
becomes constant, it may be concluded that the whole of 
the water has been expelled. 

51 5. From the weight thus obtained that of the empty 
capsule is now to be deducted ; the difference being the 
weight of the entire solid matter contained in the 
quantity of blood operated on. The difference between 
the weight of this dry residue and that of the blood be- 
fore evaporation, or, in other words, the loss which it has 
experienced during the evaporation, will then represent 
the amount of water contained in the quantity of blood 
employed in the experiment. The proportion of solid 
matter present in 1000 parts of the blood, may therefore 
be calculated in the following manner : 

f Wt. of ) f Wt. of ) f Proportion of solid ) 

4 blood \ ' \ d^y \ '- ' 1000 : I matter in 1000 V 
( evaporated. J ( residue, j ( parts of the blood. J 

516. Treatment of the portion C, — The third portion of*^ 
blood which was collected in the beaker (509), is allowed 
to stand for about twenty-four hours, or until it separates 
into a firm clot and clear serum. Two or three drachms 
of the clear serum are carefully poured off from the clot 
into a small platinum or porcelain capsule, similar to 
that before used (506), the weight of which has been pre- 
viously accurately npted. The capsule with the serum is 
now weighed, to ascertain the quantity of the latter em- 
ployed in the experiment, and then evaporated to perfect 
dryness on a chloride of calcium bath at a temperature of 
about 230°, until it ceases to lose weight. The loss of 
weight which it experiences during evaporation, repre- 
sents the amount of water in the quantity of serum used ; 
while the weight of the dry residue shows the amount of 
solid matter contained in the same quantity of serum. 

517. From the numbers now obtained, we are enabled 
to calculate the proportion of the solid matters of the 

17 
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SKin'M ill 1000 parts of blood, in the following manner. 
Knowing, as we do, the quantity of wateB in 1000 paiti 
of tlio blood (515), and assuming that the water of the 
blo<Kl exists wholly in the form of serum ;^ knowing also 
the proportion of water and of solid matter contained in 
the siTum (516) ; we may, from the quantity of water in 
the blood, estimate the quantity of solids held in solu- 
tion in the serum, thus : 



Wt. of water 

in the qann- 

tity of serum 

employed. 



wt. of solid 
matter in 
the qannti- 
ty of seru 
employed 



i- ' : ; - 

"J 1 



Water in 

1000 pt8. 

of the 

blood. 



Solids 

of serum 

in 1000 

pts of the 

blood. 



518. We have nowdeterminedthe proportion of water, 
fibrin, and solid matters of the serum, contained in the 
blood, and have only to ascertain the weight of the COB- 
PUSCLES in order to complete the analysis. This is done 
by adding together the weights of the fibrin and the 
solids of the serum contained in 1000 parts of blood, and 
deducting the sum of them from the weight of the entire 
solid matter, which consists of fibrin, solids of the serum, 
and corpuscles ; the diiference, therefore, will represent 
the proportion of the latter in 1000 parts of the blood. 

519. The several results now obtained may be recorded 
thus ; and the numbers, when added together, should 
amount to within a fraction of 1000. 



Water, . . . . 
Corpuscles, . 
Fibrin, . . . . 
Solid matters of serum, 



1000.00 



SECTION II. ' 

Qicantitative Analysis of Coagulated Blood, including Oie 
estiviaiion of tlie water, corpuscles, fibrin, and the solid 
matters contained in the serum, 

520. The portion of blood intended for analysis, which 
may consist of about ten fluidounces, should be collected 

^ Of course this assumption introduces an error into the analysis, 
since the water belonging to the contents of the globules is imputed 
to the serum. 
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in a weighed or counterpoised glass beaker, or other 
cylindrical vessel, and accurately weighed ; or if it has 
been accidentally collected in any vessel of which the 
weight has not previously been determined^ it may be 
weighed as before, and the weight of the containing 
vessel, ascertained after the blood has been removed, de- 
ducted from the gross weight; the difference being, of 
course, the weight of the blood employed. The blood, 
after being collected, is to be set aside in a tolerably 
cool place for about twenty-four hours, to allow it to 
coagulate; the top of the glass being covered with a 
glass plate or small dish, to preserve it from dust and 
prevent evaporation. 

521. About two or three fluidrachms of the clear 
serum are to be drawn off with a pipette, or carefully 
poured off, into a small weighed platinum or porcelain 
capsule ; after being accurately weighed, it is to be evap- 
orated until it ceases to lose weight, on a chloride of 
calcium bath, kept at a temperature of about 220°. 
When dry, the weight is noted ; the loss during evapo- 
ration representing the amount of water in the quantity 
of serum operated on, and the weight of the dry residue 
being that of the solid matter contained in the same. 
The relative proportions of solid matter and water which 
form the serum are thus ascertained. 

522. While the evaporation of the serum (521) is 
going on, the examination of the rest of the coagulated 
blood may be proceeded with. The serum is first poured 
off fi-om the clot with great care, avoiding the escape 
of any portion of the coagulum ; the last portions of 
the liquid being removed by means of a fine-pointed 
pipette, or by introducing one end of a folded piece of 
bibulous paper, which will suck up the liquid until it is 
saturated, and may then be replaced by another. This 
serum, although it will probably not be wanted for any 
subsequent experiments, had better be for the present 
retained, in case of any accident happening to the por- 
tion already taken for evaporation (521). 

523. The clot, thus separated from the greater part of 
the serum, is now to be divided, by means of a sharp 
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knife, into two portions of equal weight ;* the weight of 
both being iiw^urately made to correspond by weighing, 
and adding or taking off small slices, as necessity may 
require. When this is done, each portion Mrill contain 
one-half the fibrin and corpuscles of the quantity of 
blood openited on, together with a certain amount of 
serum. One of these equal portions of the clot we will 
call A, and the other B. 

524. Treatment of Hie portion of dot A. — ^This is to be 
cut into thin shreds with a clean, sharp knife, carefully 
avoiding any loss of the fragments of the coagulum. The 
finely-sliced clot is then tied up in a piece of fine muslin, 
or ciili(?o, and washed under a gentle stream of cold water, 
with the assistance of occasional pressure between the 
fingers and thumb, until the whole of the serum and cor- 
puH(;les are removed from the interstices of the coagulum, 
and the fibrin is lefl quite clean and colorless. It is then 
taken out of the muslin, and dried on a Chloride of cal- 
cium bath, until it ceases to lose weight. The weight 
thus obtained represents the fibrin contained in half the 
clot, and when multiplied by two, gives the proportion 
of FIBRIN in the quantity of blood employed.* 

525. Treatment of the portion of clot B, — The weight of 
the portion B having been noted, it is to be evaporated 
to dryness on a chloride of calcium bath in a counter- 
poised or weighed capsule. The loss of weight which it 
experiences during evaporation, shows the quantity of 
water contained in half the clot, which, when multiplied 
by two, gives the amount of water present in the entire 
clot ; while the weight of the solid residue, also multi- 
plied by two, shows the quantity of solid matter which 
the entire clot contains. 

526. From the data thus obtained, we are enabled to 
calculate the proportion of the several constituents, in 
the following manner. Having ascertained the weight 

^ The division must be made vertically^ since the horizontal layers 
of the clot contain different proportions of globules, being richer 
towards the bottom. The exact equality of the two parts of the 
clot is only necessary to save subsequent calculation. 

' To obtain an exact result, this flhrin iihould be treated with ether 
to remove fat, then with alcohol, and again dried and weighed. 
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of the whole solid matter of the clot (525), which con- 
sists of fibrin, corpuscles, and solids contained in the por- 
tion of serum with which the clot is saturated, we first 
calculate how much of the weight is due to the solids of 
the serum. To do this, we assume that the whole of the 
water present in the clot is due to serum ; then, knowing 
from a previous experiment (521), the relative propor- 
tion of water and solid matter in the serum, and know- 
ing also the quantity of water contained in the clot (525), 
we calculate the amount of solid matters in the clot, 
which belong to the serum, as follows : 



Wt. of water 
in quantity 

of serum 
evaporated. 



1 



Wt. of solid " 




' Wt. of ^ 




' Wt. of solid ' 


matter in 




water 




matters of 


quantity of 


■ :: - 


in the 


-: ■ 


serum con- 


serum 




entire 




tained in the 


evaporated. 




clot. 




entire clot. 



527. The weight thus calculated, of solid matters of 
serum present in the clot, is deducted from the weight of 
the entire solid matter contained in the clot (525), and 
the difference will represent the weight of the fibrin and 
corpuscles. Having, therefore, previously determined, 
by a separate experiment (524), the amount of fibrin, we 
have only to deduct that number, in order to obtain the 
proportion of corpuscles in the quantity of blood oper- 
ated on. 

528. Kuowing now the amount of the fibrin and cor- 
puscles, we can, by deducting their combined weights 
from that of the entire blood, learn the quantity of serum 
which it contained ; since the blood is wholly composed 
of fibrin, corpuscles, and serum. 

529. From the weight of serum thus obtained, assum- 
ing that the whole of the water in the blood is due to the 
serum, we can calculate that of the water and solid 
MATTERS OF THE SERUM contained in the entire blood, in 
the following manner, since we have before determined, 
by experiment (521), the relative proportions : 



' Wt. of serum ' 

which was 

evaporated 

to dryness. 



For the Watei\ 

Loss of 1 rWt. of serum 
wt. dur- I 



ing eva- i 
^ poration. J 



.y--- 



m quantity 

of blood 

used. 



Proportion ^ 
of water in | 
quantity of t 
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For ihe Solid Matters of the Serum. 



Weight of 1 
serum which | 

was evapo- 
rated to dry- 
ness. 



■ 



r Wt. of so- 
lid residue 
of serum 
after eva- 
poration. 



f Weight of 

serum In 

quantity 

of blood 

Uised. 



rWt. of solid 1 

matters of 

serum in 

quantity of 

blood used. 



530. We shall now, therefore, have ascertained the 
pr()])ortion8 of the four several constituents required, in 
the quantity of blood employed in the analysis, viz. : 



Water, 

Corpuscles, 

Fibrin, 

Solid matters contained in the serum, 



which, when added together, should amount very nearly 
to the weight of the blood used. 

531. In order to determine the proportion of the several 
constituents present in 1000 parts of the blood, the follow- 
ing calculation will in each case be necessary : 



Wt. of blood T f Weif^htof ] 

employed ! * ^^^^ . . I each con- I 

in the [ ' ^"^ * * 1 stituent [ 

analysis. J [ obtained. J 



f Proportion of that 
constituent in 
1000 parts of the 
blood. 



^ 



SECTION III. 

Quantitative Analysis of Uncoagulaied Bloody imdtiding 
the determination of the water, corpuscles^ aJbumeUy 
fibrin y alcohol extr active, water extrojctive, oily fats, 
crystalline or solid fats, and fixed saline matters. 

532. The vessels required for the analysis are nearly 
the same as those already described in the shorter scheme 
of analysis (506), viz. : 

1 . A six or eight-ounce stoppered bottle, the weight of 
which is accurately known ; and in which are placed 
a few small strips of thin sheet lead, the weight of 
which is also known. 

2. A weighed platinum capsule or crucible, capable of 
holding rather more than an ounce of liquid; or, in 
de&ult of this, a thin Dresden porcelain crucible, of 
about the same capacity. And 
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3. A tall, upright beaker or cylindrical glass, capable 
of holding about eight ounces of liquid. The weight 
of this need not be taken. 

533. The three vessels being in readiness, the blood is 
first to be collected. About six ounces of the fluid are 
allowed to flow into the bottle, which should immediately 
be closed with the stopper, and gently shaken for a 
quarter of an hour or twenty minutes, at the end of 
which time the fibrin will be found to have separated 
from the liquid, and attached itself round the fragments 
of lead. This portion of blood we will call A (536). 

534. About an ounce of blood is collected in the 
weighed capsule or crucible, and, after being weighed 
for the purpose of ascertaining the exact quantity of 
blood employed, it is placed on a water-bath or chloride 
of calcium bath, and allowed to evaporate. This portion 
we will call B (539). 

535. From six to eight ounces of blood are allowed to 
flow into the beaker, and set aside to coagulate in a 
tolerably cool place for about twenty-four hours. This 
portion we call C (541). 

536. Treatment of the portion A, — As soon as the fibrin 
is supposed to have separated completely from the blood, 
and become attached to the pieces of lead, the outside of 
the bottle is to be wiped clean and dry, and the whole 
is weighed, when the difference between the combined 
weights of the empty bottle and the lead, and that of the 
whole when filled, will represent the quantity of blood 
employed in the experiment. 

537. The contents of the bottle are now to be emptied 
out upon fine muslin, in a small evaporating basin, and 
the fibrin is to be carefully separated from the fragments 
of lead, to which it adheres loosely. It is then washed, 
under a gentle stream of cold water, from the serum and 
corpuscles with which it is saturated, carefully avoiding 
the loss of any particles of the fibrin. 

538. When quite clean and colorless, the fibrin is 
placed in a platinum or thin porcelain crucible of known 
weight, and dried on a chloride of calcium bath, at a 
temperature of about 220° or 230°, until it ceases to lose 



200 QUANTITATIVE ANALYSIS OF BLOOD. 

weijrht J Wlion dry, the weight is noted. As the fibrin, 
in it,M |)R»s(Mit state, (M:)ntiunrt traces of earthy phosphates, 
which a(hl slijrlitly to ite ap|)areiit weight, it may now 
be incinerated in the crucible, until the ash becomes 
white or gray. Tlie Iohs of weight which the dry fibrin 
exjwriencert during incineration, represents the amount ot 
pure FiHRiK in the quantity of blood that was contained 
in the l)()ttle. The proi>ortion present in 1000 parts ol 
the bl<KMl may then he calculated as follows : 

f Woiffht of ) f Weight of ) f Proportion of 1 

i blood V : i flbrin V : : 1000 : i flbrin in 1000 \ 
( I'lnployed. J ( obtained. J ( parts of blood, j 

539. Treaimmd of the portion B, — ^This portion of the 
bhxxl, after being weighed, is allowed to remain on a 
chloride of calcium bath, heated to about 220°, until it 
ceases to lose weight; when it may be concluded that 
the whole of the water has been expelled. When this is 
the wise the weight is noted; and the proportion of solid 
MATTERS OF TiiK HLOOD Contained in 1000 parts of the 
fluid may be calculated as follows : 

C Wt. of blood ) r Weight of ] ( Proportion of solid ) 

J evaporated \ : -j dry V ::1000: J matter in 1000 [ 
( to dryness. J ( residue. J ( parts of blooil. j 

540. The dry residue (539), after being weighed, is to 
be incinerated in the capsule or crucible until the whole 
of the charcoal of the organic matter is burnt away, and 
the ash becomes of a pale red color.* The weight of the 
ash thus obtained shows the amount of fixed saline 
MATTER in the quantity of blood evaporated; and from 
this, the proportion contained in 1000 parts of the blood 
may thus be estimated : 

( Weiirht of ] ( Wt. of ash \ C Proportion of fixed ) 

J blood \ : I after in- !- ::1000: \ saline matter in >■ 
(evaporated.) ( cineration. J ( 1000 pts. of blood, j 



1 For greater accuracy, it is well to weigh the piece of muslin, 
dried at 220^, before collecting the fibrin upon it, so as to avoid the 
necessity of removing the fibrin before drying. 

'^ A muflle heated to very low redness will bo found very con- 
venient for this incineration, which take^ place very slowly over a 
lamp. A small chtircoai fire is better than the latter. 
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541. Treatment of ^e portion C. — This portion of blood 
is allowed to stand for about twenty-four hours, in order 
that it may coagulate spontaneously, and divide itself 
into a firm clot and perfectly clear serum. 

542. Two or three jBuidrachms of the serum are first 
removed from the surface and placed in a small platinum 
or porcelain capsule, the exact quantity of serum taken 
being ascertained by again weighing the capsule and its 
contents. It is then placed on a chloride of calcium 
bath, and when perfectly dry, again weighed, in order to 
determine the relative proportions of solid matter and 
water in the serum ; the weight of the dry residue and 
the amount of loss during evaporation representing re- 
spectively the proportion of solids and of water ia the 
quantity of serum employed. 

543. From the numbers thus obtained, we are able 
(assuming that the whole of the water in the blood exists 
in the form of serum) to estimate the quantity of serum 
contained in 1000 parts of the blood, since we have before 
ascertained the amount of water in 1000 parts of blood 
(539), and also the relative proportion which the serum 
bears to the water contained in it (552), thus : 



Wt. of water" 
in the quan- 
tity of serum 


• 


'Weight of 

serum 
which was 


^ • • 


Weight of 
water 
in 1000 




' Weight of 
serum 
in 1000 


that was 
evaporated 
to dryness. 


• • ■ 


evapo- 
rated to 
dryness. 


* • • ■■ 


parts 

of 
blood. 


' • " 


parts 

of 
blood. 



544. Another portion of the clear serum, weighing 
exactly 500 grains, is now to be weighed out in a plati- 
num or porcelain capsule, and evaporated to dryness on 
a water-bath. This will serve for the estimation of the 
albumen, oily and crystalline fats, and alcohol and water 
extractives. 

545. The dry residue is to be detached, with the aid 
of a knife, from the capsule, and reduced to fine powder 
in a mortar. As it is impossible to effect this without 
loss the weight of the powder must be ascertained. A 
small light flask (perfectly dry) is weighed, and the 
powder introduced into it, the increase of weight being 
noted. Half an ounce of ether is then poured into the 
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flask, and a jjontlc heat applied by a water-bath* for 
alxmt ten ininutos, when it may be carefully poured off 
and ropIa(r<l by a fresh i>ortion. 

54G. The ethereal solution thus obtained, containing 
the fatty matters, both oily and crystalline, is to be evap- 
orat(Hl in a e{ii)sule of known weieht, on a water-bath, 
until tlie whole of the ether is expelled. The residue is 
now weighed, by which the whole amount of fatty mat- 
ters is ascertained. It is then treated with cold alcohol, 
whic'h will dissolve out the oily fat. The weight of the 
residue left on evaporating the alcoholic solution, there- 
fi>re, \yill represent the amount of oily fat in the serum; 
and the difference between this and the weight of the 
whole fatty matter shows the quantity of solid or crys- 
talline FATTY MATTER in the Same serum. The pro- 
portion of each of these, which is contained in 1000 parts 
of blood, may then be calculated as follows : 



Wt. of solid 
residue of 

serum 
employed. 



' Weight of 
. I f"tty 
• I matter 

[ obtained. 



Total solid 

from 600 

grs. of 

serum. 



: 



Fatty mat- 
ter in 500 
grs. of 
serum. 



■{ 



Wt. of oily 
600:-! fat in 600 
grs. of serum 



}■■ 



For the Oily Fat. 

( Wt. of serum ") ( Proportion of oilv 
: J in 1000 parts !- : j fat in 1000 parts of 



parts >- 
( of blood. J 



parts 
blood. 



} 



For the Crystalline Fatty Matter, 

Proportion of crys- ) 

talline fat in 1000 \ 

parts of blood, j 



C Wt. of crystal- ) ( Wt. of serum 
600 : -! line fat in 600 [■ : : ^ in 1000 parts 



( grs. of serum. J ( of blood. 



H 



547. The residue which proved insoluble in the ether 
(545), is now to be warmed in order to expel any traces 
of ether that may still be present, and then treated with 
water which is gradually heated to boiling; this will 
coagulate the albumen, thus rendering it insoluble, while 
the extractive matters are dissolved out (549). The mix- 
ture is then filtered through a dried and weighed filter, 
and the insoluble residue of albumerf washed on the filter 
with hot water, until a drop of the filtered liquid causes 

^ The flask should be fitted with a cork carrying a glass tube 
about three feet long and a quarter of an inch in diameter, to 
diminish the loss of ether by evaporation 
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no precipitate, or merely a very slight opalescence, when 
tested with a solution of nitrate of silver. 

548. The albumen, thus freed from extractive and 
soluble saline matters, is to be dried and weighed ; but 
as some traces of inorganic matter are always associated 
with the albumen, the dry mass is to be incinerated, and 
the weight of the ash deducted from it ; when the differ- 
ence will represent the amount of pure albumen in the 
serum. The proportion in 1000 parts of blood may then 
be calculated thus : 



Wt. of solid 
residue of 

serum 
employed 



Weight of 
albamen 
obtained. 



Total solid ^ 
from 600 ' 

grs. of 

serum. 



I \ 



Albumen*) 
in 600 I 
grs. of I 
serum. J 



500 



C Wt. of albu- "i ( Wt. of serum ) ( Proportion of albu- "i 

: < men in 500 grs. > : : ^ in 1000 parts > : < men in 1000 parts > 

( of serum. ) (. *^^ blood. ) ( of blood. ) 

549. The aqueous solution filtered from the albumen 
(547), containing the extractive matters and soluble salts, 
is now to be evaporated to dryness in a capsule of known 
weight, on a water-bath, and weighed. The dry residue 
is then treated with alcohol, which should be poured off 
and renewed as long as anything continues to be dissolved 
by it. The alcoholic solution is evaporated to dryness 
on a water-bath, and weighed ; it is then incinerated, and 
the weight of the ash is deducted from that of the dry 
mass previous to incineration. The number thus obtained 
represents the amount of alcohol extractive in 500 
grs. of serum, which may be reduced to the proportion in 
1000 parts of blood by a calculation similar to the above. 

550. The portion of the dry residue which proved in- 
soluble in alcohol (549), is now to be dried, weighed, and 
ignited ; the weight of the ash being deducted from that 
of the dry mass previous to ignition. This will give the 
weight of the water extractive in 500 grs. of serum ; 
from which the quantity in 1000 parts of blood may be 
estimated as in the former cases : 



(Wt. of water) 

600 : 2 extract in 500 V 

( grs. of seram. ) 



C Wt. of serum ) 
: : ^ in 1000 parts }• 



blood. 3 



{ 



Proportion of water 
extract, in 1000 
parts of blood. 



} 



551. We shall now have estimated the proportion of 
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wator aiul of ail the solid constitaents, with the exception 
of the ( ^ )RPU8CLES. The proportion of these is known by 
(lediu'ting the sum of the several solid matters, the weights 
of which are already determined (including everything 
but the crorpuscles), from the weignt of the whole solid 
matter contained in 1000 parts of blood (539), the differ- 
ence representing the proportion of corpuscles present in 
1000 parts of the fluid. 

552. The results of the analysis may then be recorded 
as follows, and should, when added together, amount to 
a fraction less than 1000. 

Water, 

Corpuscles, 

Albumen, 

Fibrin, 

Alcohol extractive, 

Water extractive, 

Oily fats, 

Crystalline or solid fats, .... 
Fixed saline matter, . . . ; 



SECTION IV. 

QuantitaMve Analysis of Coagulated Bloody including the 
estimaiion of the water, corpvscleSy albumeny fbrin, 
alcohol extractive^ water extractive, oily fats, oi^ystoMne 
or solid fats, and fixed saline matters. 

553. About ten or twelve ounces of blood having been 
collected in a beaker, or other rather tall vessel of known 
weight, it is to be covered over to prevent evajxjration, 
and set aside in a cool place for about twenty-four hours, 
when it will be found to have separated into a firm clot 
and clear serum. The weight of the whole blood is to 
be accurately determined either before or after coagu- 
lation. Three or four fluidrachms of the clear serum 
are first drawn off with a pipette, weighed in a platinum 
or porcelain crucible of known weight, evaporated to 
dryness on a chloride of calcium bath, and the weight of 
the dry residue ascertained. The loss of weight during 
evaporation representing the water, we thus determine 
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the relative proportions of solid matter and water 

IN THE SERUM. 

554. The dry residue of the serum (553) is now to be 
incinerated, until the ash becomes white or gray ; and 
the latter is then weighed. The proportion of fixed 
SALINE MATTER OF THE SERUM is thus ascertained. 

555. The* greater part of the remaining clear serum is 
now to be carefully poured off from the coagulum, and 
retained for further examination (565). The last por- 
tions of the liquid are to be removed by means of a fine 
pipette, or by sucking it up with little rolls of bibulous 
paper (522), carefully avoiding the removal of any por- 
tions of the clot. 

556. The coagulum, thus separated as completely as 
possible from the serum, is now to be divided vertically 
into two portions of exactly equal weight (523), each of 
which will then contain one-half of the fibrin and cor- 
pascles present in the quantity of blood operated on, 
together with a certain amount of serum. These two 
equal portions of clot we will distinguish as A and B. 

557. Treatment of the portion of cht A. — ^This portion 
of the clot is to be cut with a sharp knife into fine slices, 
carefully avoiding any loss. These are then tied up in 
a piece of fine muslin, and washed, until they become 
quite colorless, when it may be concluded that the whole 
of the corpuscles and serum has been washed out. The 
fibrin is now dried on a chloride of calcium bath at a 
temperature of about 230°, and weighed. It still, how- 
ever, contains traces of earthy salts, the quantity of which 
is known by incinerating the dry fibrin, and deducting 
from it the weight of the ash. The loss of weight during 
incineration represents the quantity of fibrin contained 
in one-half the clot, and this, when multiplied by two, 
gives the proportion of fibrin in thp quantity of blood 
employed. 

558. Treatment of the portion of clot B, — This half of 
the clot is to be weighed in a capsule of known weight, 
and evaporated to dryness on a chloride of calcium bath. 
The residue is now weighed, and the loss of weight 
during evaporation will show the amount of water pres- 
ent in half the clot ; which, \vhen multiplied by two. 
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gives the quantity of water contained in the entire 
CLOT ; while the weight of the dry residue, also multi- 
plied by two, represents the amount of solid matter 

PRESENT IN THE ENTIRE CLOT. 

The dry residue of B is to be retained for subsequent 
incineration (563). 

559. Having thus determined the weight t)f the whole 
solid matter of the clot, which consists of fibrin and cor- 
puscles, together with the solids contained in the portion 
of serum with which the clot is saturated, we now have 
to calculate how much of the weight is due to the solids 
of the serum. Assuming that the whole of the water 
present in the clot is due to the serum, and knowing the 
relative proportions of water and solid matter in the 
serum (553); knowing also the quantity of water present' 
in the entire clot (558) ; the amount of solid matters in 
the clot which belong to the serum may be calculated in 
the following manner : 



Wt. of water 1 

in quantity [ 

of serum 

evaporated. 



Wt. of solid 
m.'itter in 
quantity of 
serum evap- 
orated. 





' Wt. of ' 


f 


- " • . 

• • • 


water 




in entire 


• : ' 




clot. 






o ^ 





Wt. of solid 1 
matters of se 
rum oontaiofd 

in the entire 
clot. 



560. The weight of solid matters of the serum thus 
found to be present in the clot, is to be deducted from 
the weight of the entire solid matter of the clot (558), 
when the difference will represent the weight of the 
fibrin and corpuscles ; the weight of the fibrin, however, 
having been already ascjertained by a separate experi- 
ment (557), we have merely to deduct that amount, in 
order to determine the proportion of corpuscles in the 
quantity of blood employed in the analysis. 

661. Now, since the blood may be said to consist 
wholly of fibrin, corpuscles, and serum ; and knowing, as 
we do (657, 560), the weight of the fibrin and corpuscles, 
we can, by deducting the combined weights of those two 
substances from the weiglit of the entire blood, learn the 

proportion of serum in the quantity of blood operated 

upon* 

562* But we have before determined the relative pro- 

portionB of solid matter - ^ -^ter in the serum (553); so 
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that, assuming that the whole water of the blood is due 
to the serum, we can, from the quantity of serum obtained 
in paragraph 561, estimate the proportion of water in 
the blood, thus : 



f 



1 



Wt. of 

serum 

which was ^ : 

I evaporated I 

^^ to dryness. J 



Loss of wt. 
daring 
evapora- 
tion 
(water). 



Wt. of serum 

in quantity 

of blood 

used. 



1 
I 

f 



J 



f Proportion 
of water in 
quantity of 

I blood 

[ used. 



563. The dry residue of the portion of the clot B (558), 
is now to be incinerated. The weight of the ash thus 
obtained, multiplied by two, will give the amount of the 
inorganic salts contained in the clot. A certain portion 
of this weight, however, is due to the salts of the serum 
which was contained in the clot, the amount of which 
may be learned by the following calculation, since we have 
before determined the relative proportions of solid mat- 
ter and inorganic ash in the serum (553, 554). 



Wt. of solid mat- ' 




' Wt. of nsh ' 




• Wt. of solid ' 




' Wt. of ash ' 


ter in quantity 




derived 




matters 




derived 


of serum evapo- 


• : - 


from same 


• ■ ■ . 


of serum 


• : - 


from the 


1 rated to dry - 




quantity 




in the 




serum in 


^ ness. 




of serum. ^ 




clot. 




the clot. 



By deducting this number from the weight of the ash of 
the whole clot, we ascertain the amount of inorganic sa- 
line matter derived from the fibrin and corpuscles. 

564. In order to determine the whole amount of fixed 
salts in the blood, we must now reckon how much the 
whole of the seruin contains. This is done as follows : 



' Weight of ' 




' Wt. of ash 


serum evapo- 




from same 


rated to 


• 


quantity 


dryness. 




of serum. 



^ 



Wt 
serum 
the entire 

blood. J 



iin I I 
tire r . I 



Wt. of fixed 

salts in 
the whole 
t serum. 



By adding together the ash of the serum thus obtained, 
and that derived from the fibrin and corpuscles (563), we 
ascertain the proportion of fixed saline matter in the 
quantity of blood employed in the analysis. 

565. Estimation of the Albumen, Extractives^ and Fatty 
Matters. — Five hundred grains of the clear serum (555) 
are to be weighed out in a platinum or porcelain evapor- 
ating basin, and evaporated to dryness on a water-bath. 
The residue is then treated as described in paragraphs 
545-550. 
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566. The result of the analysis may then be summed 
up as follows ; and if the experiments have been con- 
ducted with care, the numbers will, when added together, 
coincide very nearly with the whole quantity of blood 
employed in the analysis. 

Water, 

Corpuscles, 

Albumen, 

Fibrin, 

Alcohol extractive, 

Water extractive, 

Oily fats, 

Crystalline or solid fatn, . • . 

Fixed saline matters, .... 



567. In order to reduce these several amounts to the 
proportion contained in 1000 parts of the blood, the fol- 
lowing calculation must be made in each case : 

r Wt. of 1 r Wt. of each \ f Proportion of that con- ] 

-j blood >" : 1000 : : i constituent V : -j stituent in 1000 parts >• 
( used. J ( obtained. J ( of blood. j 

The several quantities thus obtained should, when added 
together, amount to a fraction less than lOCK). 



SECTION Y. 
Average Composition of Healthy Blood, 

668. The following analysis will serve to show the 
usual composition of healthy blood in 1000 parte. 
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130 Clot. 



} 



669. Analysis I. Healthy Venous Blood. (Dumas.) 

{Fibrin, 3 
Globules J ?fj^^*}"' ' ' • • ',Ji 
» \ Albuminous matter, . . .126 

f Water, 790 

Albumen, 70 

Oxygen, 

Nitrogcen, 

Carbonic acid, 

Extractive matter, 

Phosphorized fat, 

Cholesterin, 

Serolin, 

Oleic and margaric acids. 

Chlorides of sodium and potassium, 

Muriate of ammonia, . . . . i- 10 

Carbonate of soda, lime, and magnesia. 

Phosphates of soda, lime, and magnesia. 

Sulphate of potash, .... 

Lactate of soda, 

Salts of the fatty acids, 

, Yellow coloring matter. 



870 Serum - 



1000 


[.Ysis II. (Simon.) 


1000 


670. Anai 




Water, 




. $ . 


795.278 


Fibrin, 




> • • a 


2.104 


Fat, . 




• • • 


. 2.346 


Albumen, . 




• • • 


. 76.600 


Globulin, . 




I • • 4 


. 103.022 


Haematin, . 




• • • ( 


6.209 


Extractive matter and salti 


J, 


. 12.012 


671. Analysis III and 


IV. ( 


[Becquerel a^ 


m Kodier.) 


Showing the mean composition q 


f Male and Fen 


tale Blood. 






Male. 


Female. 


Density of defibrinated blood, . 


. 1060.00 


1067.60 


Density of serum. 




. 10*28 00 


1027.40 


Water, 




. 779.00 


791.10 


Fibrin, 




2.20 


2.20 


Fatty matters. 




1.60 


1 62 


SeVolin, 




0.02 


0.02 


Phosphated fat. 




0.49 


0.46 


Cholesterin, 




0.09 


09 


Saponified fat, . 




1 00 


1.04 


Albumen, 




69.40 


70.60 


Blood-corpuFcles, 




. 141.10 


127.20 


Extractive matters and salts, 


6.80 


7.40 


Chloride of sodium. 


• < 


3.10 


3.90 


Other soluble salts, 


• 4 


2.60 


2 90 


Earthy phosphates. 


• 


0.33 


36 


Iron, 


• 

18 


0.67 


0.64 



■•« 
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672. Analysis V. 


(Lkhman.) 










Blood-oorpuBclet. 


Liquor ungaiDis. 


Wator, . 


• 




. 688.00 




902.90 


Solid coiiHtituonts, 


• 




. 812.00 




97.10 


SpwiHc gravity, 


• 




1.0886 




1.021 


Ilirmatin, 


• 




. 16.76 Fibrin 


4 05 


lln'mato-cryHtallin, 


• 




. 241 .07 Albumen 78.84 


('(•lUmombniiies, . 


• 




. 41.16 






Fat, 


• 




2.81 




1.72 


Kx tractive matter, 


• 




2 60 




8.94 


Minora! HubHtancua 


(cxcluHivo 


of 






Iron), 


• 


• 


8.12 




8.55 


Chlorine, 


• 




1.686 




8.644 


Sulphuric acid, 


• 




0.066 




115 


Phosphoric acid, . 


• 




1 184 




0.191 


PotasHiuni, . 


• 




8.828 




0.828 


Sodium, 


• 




1052 




3.841 


Oxygon, 


• 




667 




0.408 


PhoHphate of lime, 


• 




0.114 




0.811 


PhoH])hato of magnoHia, 




0.078 


• 


0.222 



573. Analysis VI. (Enderlin.) 
Shovnng ihe 0)7npo8Uh7i of the Ash of Human Blood. 



Tribaaic phosphate of soda (^NaOjPOj), 22.100 
Chloride of sodium, .... 64.709 



Chloride of potaRsium, 
Sulfibate of potanh, 
Pho8])hate of lime. 
Phosphate of magnesia. 



88.746 



{ 



Soluble 
salts. 



Peroxide of iron and phosphate of iron, 10.770 J 

98.921 



4.41H 
2.401 



Ileoont analyses have proved that, as would be ex- 
pectcid, the (luaiitibitive composition of the blood varies 
with the part of the circulation from which it is drawn. 



CHAPTER III. 



MORBID BLOOD. 



574. The chemistry of the blood in its pathological 
conditions, liius, until within the last few years, occupitnl 
very little attention from the chemist or physician ; the 
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consequence of which has been, that much ignorance has 
always prevailed, and, it is to be feared, still prevails, 
among the great mass of the profession, respecting this 
important and interesting subject of inquiry. It is not 
unreasonable to anticipate that the fresh knowledge which 
we are now almost daily acquiring in this and otber kin- 
dred branches of physiological and pathological chemis- 
try, will gradually lead to highly important and beneficial 
practical results, in the more enlightened treatment of 
disease, and the more ready mitigation of suffering. 

575. The variations which are found to occur in the 
chemical composition of morbid blood may be divided 
into two classes : • 

1st. Those in which, so far as we are aware, no abnor- 
mal matter, not contained in healthy blood, is pres- 
ent ; but in which one or more of the normal con- 
stituents of healthy blood exists in a greater or less 
proportion than in the healthy fluid. 

2d. Tnose in which we can detect the presence of one 
or more abnormal matters which are not found in 
healthy blood. 

576. To the first of these classes belong those cases in 
which we find an excess or deficiency of water, corpus- 
cles, albumen, fibrin, fatty matters, cholesterin, urea, uric 
acid, or inorganic salts; and to the second, those in which 
either sugar, biliary matter, pus, entozoa, or other abnor- 
mal matter, can be detected. I will briefly notice each 
of these morbid conditions of the blood, together with 
the mode of examination, whether chemical or micro- 
scopic, which will be found most readily applicable to 
each. 



Class I. — Morbid Bix)od in which no Abnormal 

Matter is present. 

SECTION I. 

Blood C(yntaining an excess or deficiency of Water. 

577. The proportion of water even in healthy blood 
appears to vary considerably, so that it is diffi^cvsAl \,q "§5a?3 
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what niiiv be considered as the normal amount. The 
usual averajice, however, contained in human blood, seems 
to \xi from 790 to 800 in 1000 i>art8. 

578. In some forms of disease, as, for example, ansBmia 
and (jhlorosis, the proi)ortion of water is usually much 
jrroater, and has been known to amount to upwards of 
900 parts in 1000. In certain other pathological condi- 
tions, on the contrary, the blood is found to contain oon- 
sidenibly less water than is present in the healthy fluid; 
in cholera, for instance, where the blood is so rich in solid 
matter as almost to resemble jelly in appearance, it has 
been known to (iontuin not more than 480 parts of water 
in 1000. * 

579. The proi)ortion of water present in any specimen 
of blood may readily be ascertained, by evaporating a 
known weight of the fluid in a weighed or counterpoised 
capsule, on a (Jiloride of c>alcium bath, heated to about 
220° or 2»*i0°, until it ceases to lose weight. The loss 
of weight during the evaporation will then represent the 
proportion of water in the quantity of blood employed, 
which may be reduced to 1000 parts, as follows : 

r Weight of W Lo33 ^,f weight \ ,nnnl ^''?P''''-^^'Wi(l 
^ blood V : -l ^urinir evaporation f ' * ^"^"i ^^^^ m 1000 V 
( evaporated. J ( 5 P 'J (^ parts of blood, j 

SECTION II. 
Blood containing an excess or deficiency of Corpuscles, 

580. The average proportion of corpuscles contained 
in healthy human blood appears to be from 120 to 130 
parts in 1000. In disease, especially in some forms of 
fever, it sometimes increases considerably, and has l)een 
known to amount to 185 parts in 1000; while in anaemia, 
and certain other affections long known as being attended 
with great poorness of blood, the proportion of corpuscles 
frequently does not amount to more than 60 or 70, and 
has been known to be as low as 21, in 1000 parts. 

581. The direct determination of the weight of the 
corpuscles is a matter of considerable difficulty, so that 
they are generally estimateil by deducting tlie combined 
weights of the water, fibrin, and solid matters of the 
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serum, which are easily determined experimentally, from 
that of the entire blood, in the manner described in para- 
graphs 518, 527, &c. 

582. According to Figuier, their weight may be deter- 
mined with considerable accuracy by mixing the blood, 
previously defibrinated by agitation with fragments of 
lead (507), and weighed, with about eight times its bulk 
of a saturated solution of sulphate of soda, filtering 
through a filter of known weight, and washing the cor- 
puscles of the filter with a little more of the saline solu- 
tion (456). When most of the liquid has drained through, 
the filter with its contents is dipped in boiling water, and 
allowed to remain in it some little time, in order to dis- 
solve out the salt ; while the organic matter of the cor- 
puscles is coagulated by the heat, and thus rendered 
insoluble. The filter, with the corpuscles, is then dried 
at 212°, weighed, and the weight of the dry filter, pre- 
viously determined, being deducted, the difference will 
represent the weight of the corpuscles contained in the 
quantity of blood operated on. 

583. The microscopic appearance of the corpuscles is 
also not unfrequently found to vary under the influence 
of disease, the modifications of form occurring occasion- 
ally in the living body, but more frequently after death. 
Most of these changes are due to the phenomena of en- 
dosmosis or exosmosis already referred to (456). Thus 
they are sometimes met with having a more or less glob- 
ular form, owing to the entrance of fluid less dense than 
the serum of healthy blood ; at other times they are 
found to have a wrinkled or indented outline, similar to 
that which the healthy corpuscle assumes when placed 
in contact with strong saline solutions of high specific 
gravity. (See Fig. 65.) 

584. In examining the blood-corpuscles under the mi- 
croscope with a view to detecting any abnormal appear- 
.ance as a consequence of disease, it must be borne in 
mind that these and other analogous changes in the form 
of the corpuscle are artificially induced by the action of 
water or other liquids with which they may have been 
alloy^ed to come in contact ; such contact should therefore 
be carefully avoided. The wrinkled appearance is some- 
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times caused also by the eonoentration of the serous fluid, 
owing to spontaneous evaporation (456). 

SECTiojsr ni. 

Bhod containing an excess or deficiency of Albumen. 

585. The average proportion of albumen in healthj 
blood ai)j)ears to lie between 70 and 75 parts in 1000; 
while in disease it is occasionally (as in cholera) as high 
as 131, and (as in Bright's disease) as low as 55 parts in 
1000. 

586. The amount of albumen in any specimen of blood 
may be ascertained in the manner described in paragraph 
547 ; or a weighed portion of serum may be carefully 
neutralized with dilute hydrochloric acid, diluted with 
an equal bulk of water, and boiled for about a quarter 
of an hour. The coagulum of albumen is then separated 
by filtration, dried at 212°, and treated with hot ether to 
remove the fat (545), and weighed before and after incin- 
eration ; the difference between the two weighings being 
the weight of albumen in the quantity of serum used (548). 

587. The quantitative estimation of the other constit- 
uents of the blood may, if necessary, be conducted as in 
the case of healthy blood (503, &c.). 

SECTIOK IV. 
Blood containing an excess or deficiency of Fibrin, 

588. Healthy human blood usually contains from two 
to three parts of fibrin in 1000 ; while in disease it has 
been found to vary from a mere trace, to upwards of ten 
parts in 1000 ; a considerable increase in the amount 
being usually found in most forms of inflammatory dis- 
ease. 

589. The peculiar appearance frequently to be seen 
after coagulation, in blood taken from the body during 
certain pathological conditions, long known as the buffy 
coaij is caused by the upper portion of the clot being 
composed almost entirely of fibrin, or of some modifica- 
tion of protein closely allied to it, unmixed with the red 
corpuscles. This may be owing either to the blood- 



MORBID BLOOD. 215 

corpuscles subsiding in the liquid more rapidly than in 
ordinary blood, or to the fibrin coagulating more slowly ; 
in either case the upper portion of the coagulated fibrin 
would be more or less free from the corpuscles to which 
the red color of the ordinary clot is due. The blood in 
which the bufiy coat is found to occur is, in most cases, 
rather rich in fibrin, and it was formerly regarded as a 
sure sign of inflammation; an opinion which has since 
been proved to be altogether erroneous (452). 

590. The proportion of fibrin may be readily deter- 
mined either in coagulated or freshly-drawn blood, in 
the manner already described. For freshly-drawn blood 
see paragraph 510, &c., and for coagulated blood see 
paragraph 524, &c. 

The quantitative estimation of the other ingredients 
may also, if necessary, be conducted in the same manner 
as in healthy blood (503, &c.). 

SECTION Y. 
Blood containing an excess of Fatty MaMer, 

591. The average amount of fat in healthy blood ap- 
pears to be something more than two parts in a thousand. 
The whole of the oily fat probably exists in combination 
with potash or soda, forming a kind of soap ; so that in 
the healthy fluid no oil-globules can be detected. 

592. In certain pathological conditions we occasionally 
meet with blood containing a considerable quantity of 
free fat, which is held in suspen- 
sion, in the form of minute glob- ^'^- ^'^• 

ules, in the serum, giving that 
fluid a more or less opaque or 
milky appearance. In this form 
of blood, which, from its peculiar 
appearance, has been called milky 
bloody may be seen, with the help 
•of the microscope, innumerable 
fet-globules, which may be read- Fat in Biood. 

ily distinguished by their bright 

centres, and black, well-defined outlines (Fig. 67). They 
may be separated by agitating the serum with a little 
ether, which will readily dissolve them. 
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593. The amount of &t id any specimen of blood may 
I)e <k>tcrmiiic<l by evaporating to dryness a known weight 
of the iltiid, |K>unding the dry residue, and boiling it 
with Bucceseive email quantities of ether (645), The 
ethereal Bolution of the fat thus obtained ie evaporated 
to (Iiynes8 in a counterpoised capsule, and weighed; its 
weight representing the proportion of &t in the quantity 
of blood employed. 

594. The quantitative detennination of the other con- 
stituents of the blood may, if reqnired, be effected in the 
»ime manner as in the healthy nuid (603, &c.). 

SECTION VL 
Blood containing an excess of (yioleeterin. 
596. Minute traces of choleetmn appear to be always 
present in healthy blood, though some observers have 
&iled in their endeavors to detect it. The amount, how- 
ever, in certain forms of disease not unirequently rises 
as high as 0.15 to 0.20 in 1000 parts; and in one case 
of so-called milhf blood, Lecanu found not less than 1.08 
in 1000. 

596. When an excess of cholesterin is suspected to he 

present in any specimen of blood, it may be separated 

and estimated with tolerable accuracy in the fbllowii^ 

manner. A known weight of the blood is evaporated to 

dryness on a water-bath, 

'^"'- ^- and the diy re8idue,after 

being reduced to fine 

powder in a mortar, is 

digested for a few hours 

in ether, the solvent a 




tion being aasisted by 
occasionaiboiling (545). 
In this way the choles- 
terin, together with the- 
choieeterin. Other fatty matters, is 

dissolved, and may be 
obtained by evaporating the ethereal solution on a water- 
bath. The residue is then deprived of the oily portion 
of the fat, by digestion with cold alcohol, which leaves 
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undissolved the cholesterin, with the other solid fatty 
matters ; the crystalline scales of cholesterin (Fig. 68), 
which are easily distinguishable from the rest, may then 
be for the most part, mechanically separated with the 
point of a knife. Their weight may then, after drying, 
be ascertained if necessary. 

597. The quantitative estimation of the other constitu- 
ents may be conducted as In the case of healthy blood 
(503, &c.). 

SECTION YII. 
Blood containing an excess of Urea. 

598. Minute traces of urea are probably always present 
in healthy blood (484), though the amount is so small as 
to be incapable of determination, unless considerable 
quantities of blood are used. In some forms of disease, 
however, especially in Bright's disease, cholera,^ and 
certain other pathological conditions, in which the func- 
tions of the urinary organs are to any serious extent 
interfered with, the amount of urea is found to increase 
considerably, and may frequently be met with in a suffi- 
ciently large quantity to be weighed. 

599. The detection and estimation of urea in the blood 
may be conducted in the following manner. A known 
weight of serum is first evaporated to dryness on a water- 
bath, at a very gentle heat, a precaution necessary to be 
observed, since a temperature of 212°, long continued, 
such as is required in this analysis, would probably cause 
the decomposition of some portion of the urea. The dry 
residue is reduced to fine powder in a mortar, and treated 
with distilled water, heated to about 200°, the quantity 
of which may be about double the volume of the serum 
employed in the experiment. The mixture is allowed to 
digest for about half an hour at 200°, after which it may 
be filtered from the insoluble residue of albumen,^ which 

* It has been stated that, in cholera, a peculiar ferment is pres- 
ent in the blood, which very rapidly converts the urea into car- 
bonate of ammonia (11). 

* A more delicate process consists in drying the serum, in vacuo 
over sulphuric acid, and extracting the powdered residue with 
alcohol, which dissolves the urea. 

19 
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latter must be washed while on the filter with a little 
more warm water. The filtered aqueous solution is now 
evaporated to dryness, and the residue digested with a 
little absolute alcohol, at a very gentle heat, which may 
be continued for about half an hour ; a little fresh alcohol 
Ixjing added occasionally, to replace that lost by evapora- 
tion. The mixture is then filtered ; the clear alcoholic 
solution is evaporated to dryness, and the residue treated 
with a little lukewarm distilled water, which will then 
contain merely the urea, together with a small quantity 
of extractive matter. 

600. The aqueous solution thus obtained is evaporated 
at a very gentle heat, to the consistence of a syrup, and 
then mixed with a few drops of pure and colorless nitric 
acid (16, 181), the mixture being kept cool by immersing 
the glass contiiining it in a little cold water, or still 
better, in a freezing mixture composed of equal weights 
of crystallized nitrate of ammonia and water. If urea is 
present, delicate crystalline plates of nitrate of urea (C, 
H,N202,HO,N05), will gradually appear (Fig. 2), which 
if in sufficient quantity, may be dried by gentle pressure 
l)etween folds of filtering-paper, and weighed. From 
the weight thus obtained, that of the urea in the quan- 
tity of serum employed may be calculated as follows : 

Atomic wt. of ni- Atomic wt. Wt. of nitrate Wt. of urea in qaantity 

trateofurca of urea obtained of serum em^oyed. 

123 : 60 : : a : x 

601 . If no appearance of crystallization can be detected 
with the naked eye, a drop of the acid liquid, cooled by 
means of a freezing mixture, is to be examined under 
the microscope, by which means very small traces of 
urea may be detected (181). 

602. The quantitative determination of the other con- 
stituents may be effected with a fresh portion of the blood 
in the same manner as in the healthy fluid (503, &c.). 
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SECTION YIII. 



Blood containing an Excess or Deficiency of Inorganic 

Saline MaUei\ 

603. The average proportion of inorganic saline mat- 
ter, in healthy blood, appears to be about seven parts in 
1000. In scurvy, and some other pathological con- 
ditions, their amount has been found to increase, and 
has been known to amount to as much as eleven parts 
in 1000. In some other diseases, on the contrary, the 
amount falls below the healthy average. 

The proportion of fixed saline matter in any specimen 
of morbid blood, may be determined as in the case of the 
healthy fluid, viz., by evaporating to dryness a known 
weight, and incinerating the residue until the ash be- 
comes nearly colorless. The weight of the ash thus ob- 
tained represents the amount of salts in the quantity of 
blood employed.^ 

604. The presence of uric acid (urate of soda) in the 
blood of gouty patients, may be shown by evaporating 
a little of the fluid to dryness on a water-bath, and, after 
washing the dry residue with alcohol, adding a slight 
excess of dilute hydrochloric or acetic acid to a strong 
aqueous solution of the extract, which proved insoluble 
in the alcohol. After standing a day or two, minute 
crystals of uric acid, similar to those formed in the urine, 
are gradually deposited, and may be identified under the 
microscope (186, 194), or by their behavior when treated 
with nitric acid and ammonia (23). Even in healthy 
blood, minute traces of uric acid may generally be de- 
tected. 

A simpler test devised by Dr. Garrod, consists in treat- 
ing the serum with acetic acid in a watch-glass in which 
a fine thread is placed. After an hour or two, the thread 
is examined by the microscope, when crystals of uric 
acid are discernible upon it. 



1 See note to paragraph 63. 
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C'LAKS II. — Morbid BiiOOD containing some 
Abnormal Ingredibnt. 

SECTION IX. 
Blood containing Sugar (Clj/Tj^O,^). 

f>05. Tlie blood of patients suffering from diabetes^ 
apiK^ars most commonly to contain a very sensible 
amount of sugar.* This may usually be detected in the 
following manner: 

(>0G. The jK)rtion of serum intended for examination 
is first evaporated to dryness, either in vacuo over sul- 
plniric; i\c\i\, or at a very gentle heat on a water-bath. 
The dry residue is then reduced to tolerably fine powder, 
and treated with a small quantity of boiling water, which 
will have the effect of coagulating the albumen, and 
dissolving out the sugar, together with the extractive 
matters and soluble salts. The mixture is then filtered, 
and the clear liquid examined for sugar, by means of 
Trommer's test, which may be thus applied : 

607. The liquid is treated with a drop or two of a 
solution of sulphate of copper, and then supersaturated 
with potash (123), the excess of which will probably, if 
sugar is present, redissolve the blue precipitate of hydrated 
oxide of copper at first thrown down. The mixture may 
now be gently boiled for a few minutes, when, if sugar 
is present, an orange-brown or ochre-colored precipitate 
of suboxide of copper will be thrown down; while if 
no sugar is contained in the mixture, the precipitate will 
be nearly black (124). 

608. It is always more satisfactory, when practicable, 
even when Trommer's test affords tolerably decided indi- 
cations of sugar, to confirm the result by applying also 
B5ttger's test (127), the fermentation test (128), and 
examining under the microscope for the torula (132); 
since certain other organic matters besides sugar give 
rise to the formation of the suboxide. 

609. When, after having proved the presence of sugar 

* ^ See note to paragraph 484. 
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in the blood, it is required to determine its amount, the 
following method of insulating it ia, perhaps, the best, 
though the results must not be regarded as by anv moans 
exact, but merely as an approximation to the truth. The 
fermentation process (128) cannot be here applied, since 
traces of carbonic acid may be evolved by some of the 
other constituents of the blood, when no sugar is present. 

610. A known weight of serum is evaporated to 
dryness, eitlier in vacuo over sulphuric acid, or at a very 
gentle heat on a water-bath. The dry residue is then 
finely comminuted and treated with boiling water, in 
which it may be allowed to digest for three or four hours, 
in order to insure the solution of the whole of the soluble 
matter. The aqueous solution is separated from the 
albumen by filtration, and evaporated to dryness as 
before. The dry residue is now digested with alcohol, 
which leaves undissolved portions of the saline and 
extractive matters. The alcoholic solution is mixed with 
a little alcoholic solution of potash, and set aside for 
twenty-four hours, when n crystalline compound of sugar 
and potash will be deposited. The alcoholic solution 
may now be poured or filtered ofi^, and the crystalline com- 
pound dissolved in water with a view to the determina- 
tion of the quantity of sugar by means of the standard 
alkaline solution of copper (352). 

When the freshly drawn blood can be obtained, the 
following process recommended by Figuier may be 
adopted. About six ounces of blood are delibrinated by 
stirring (477), and mixed with three volumes of a satu- 
rated solution of -sulphate of sntla. The blond-globules 
are then filtered off, and the filtrate mixed with two 
volumes of alcohol, to coagulate the albumen and pre- 
cipitate the sulphate of soda. These having been filtered 
off, the solution is evaporated to dryness ou the water- 
bath, the residue extracted with water, and the sugar 
determined by the alkaline copper solution (■'!52). 

611. The quantitative determination of the other con- 
stituents of blood containing sugar may be effected in 
the same manner as in the case of healthy blood, the 
weight of the sugar being deducted from the extractivi 
matter (503, Ac). 
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SECTION X. 
Blood containing Biliary MaJtter. 

612. In jaundice^ and some other afiections in which 
the iimi'tions of the liver are interfered with, an accu- 
nnilation of biliary matter is found to take place in the 
hl(KMl, giving the serum a more or less decided safiron 
or onuige-brown color, which is due to the peculiar color- 
ing matter of the bile, called biliphsein (cholepyrrhin). 

61.*^. The presence of bile in the blood may be detected 
bv adding to a little of the clear serum a few drops of 
nitric acid, which will throw down the albumen ; the pre- 
cipitate having, if biliary matter (biliphsein) is present, 
a d(»ci(led greenish tint, while in healthy serum it would 
be white, or very nearly so. 

614. If so small a quantity of bile is present as to &il 
in prixlucing a perceptibly green color with nitric acid, 
a little of the sus|>ected serum may be first concentrated 
by evaporation at a temperature not exceeding 120° or 
130°, and then exhausted with alcohol or water, and the 
solution tested in the manner already described in the 
case of urine (149-152). 

615. We have at present no means of estimating the 
quantity of biliary matter contained in blood, though the 
depth of color of the serum furnishes some indication 
of the relative amount present. The quantitative deter- 
mination of the other constituents of the blood may be 
made in the same manner as in the analysis of the healthy 
fluid (503, &c.). 

SECTION XI. 
Blood containing Pus. 

616. The existence of pus in morbid blood is probably 
by no means a rare occurrence, especially in diseases 
which are attended with suppuration. Its detection, 
however, is far from easy, since we possess no character- 
istic chemical test by which it may be distinguished from 
the ordinary constituents of the blood ; and in micro- 
scopic appearance, the pus-granules very closely resemble 
the colorless corpuscles which are always present in the 
blood (464). The pus-granules are in general somewhat 
larger than the white corpuscles of the blood, and when 
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treated with dilute acetic acid, develop internal nuclei, 
which are usually from three to five in number, and more 
distinct than those in the white corpuscles of the blood. 
The pus-granules, when present in blood appear to have 
a tendency to adhere together in groups of five or six ; 
while the colorless corpuscles of the blood always float 
detached from each other. 

617. According to Heller, the granules of pus, when 
mixed with blood, subside much more slowly than the 
blood-corpuscles ; so that when present, they may always 
be found in the uppermost layer of the coagulum.^ He 
recommends a thin slice to be taken from the upper sur- 
face of the latter, which, after being mixed with a little 
distilled water, should be filtered through muslin, in order 
to separate the fibrin. The blood-corpuscles are for the 
most part dissolved by the action of the water (458) ; and 
after allowing the filtered liquid to stand a short time in 
a tall glass, the pus-granules will be found at the bottom 
of the liquid, and may be detected under the microscope. 

618. The action of ammonia upon. pus has been pro- 
posed by Donne as a test for its presence in the blood. 
When blood, free from pus, is mixed with ammonia, it 
becomes clear; while if pus is present in any considerable 
quantity, the liquid becomes more or less gelatinous. If 
the amount of pus present is small, stringy flocculi only 
are formed, which subside to the bottom of the liquid. 

SECTION XII. 
Blood containing Animalcules. 

619. Instances have occasionally been observed, in 
which minute threadlike animalcules have been present 
in considerable numbers in the blood. Those described 
by Dr. Goodfellow, which he detected in the blood of a 
patient suffering from fever, measured from ^^'g^jth to 
SJiJiJi^^ of an inch in length, and from ^^J^^jth to 
ji^i jijith of an inch in diameter. The only method of 
detecting such entozoa in the blood, is to examine it care- 
fully under the microscope, with as high a magnifying 
power as the observer has at his command. 

1 This remark also applies to the colorless corpuscles. 
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CHAPTER I. 

MILK. 



SECTION I. 
GeTtet'cU Oiaractera of Milk. 

G20. Milk, as is well known, is a watery liquid, hav- 
ing in solution a certain amount of casein, sugar of milk, 
or lactin and extractive matter, together with several in- 
organic salts, and holding in suspension myriads of ex- 
tremely minute globules of fatty matter, plainly visible 
through the microscope, which give the fluid its peculiar 
white and opaque appearance. It has a pleasant and 
rather sweetish taste, and a slight agreeable smell, espe- 
cially while warm. The specific gravity of milk varies 
considerably ; that of woman being sometimes as low as 
1020 (the average being 1032), while that of the sheep 
is as high as 1041. 

621. Fresh milk is almost invariably slightly alkaline 
to test-paper, but on exposure to the air, especially in 
warm weather, it rapidly becomes acid, owing to the con- 
version of the sugar of milk into lactic acid {2H0,C^^ 
-^lo^io)? under the influence of the casein, which acts as 
a ferment (630). If the milk has been long retained in 
the mammary glands, this change occasionally takes 
place before being drawn ; and in some morbid condi- 
tions also, the milk is found to have an acid reaction 
even when freshly drawn. 
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622. When allowed to stand for a few hours, the fatty 
globules, which have a somewhat lower ispecific gravity 
than the fluid portion of the milk, gradually rise to the 
surface, carrying with them a portion of the caseous mat- 
ter, forming a layer of cream, which is more or less thick 
and copious in proportion to the richness of the milk.^ 

623. If a little acetic or lactic acid, rennet, or even 
sour milk, be added to hot milk, the casein of the latter 
is precipitated in the coagulated form; and the same 
effect is produced by warming milk or cream which has 
been allowed to turn sour ; the sourness being due to the 
lactic acid, into which the sugar of milk has been con- 
verted. The solid and liquid portions into which the 
milk is thus divided, are commonly called curds and 
whey. 

624. Before describing the mode of analyzing milk, I 
will briefly notice the several constituents which we find 
contained in it — viz., casein, sugar of milk, fat-globules, 

and saline matter. 

» 

SECTIOl^ II. 
Casein, 

625. Casein is one of the so-called protein compounds^ 
(472) peculiar to the milk, and constitutes the chief 
source of nourishment to the young animal ; for which 
purpose it is admirably adapted, from the readiness with 
which it appears capable of being converted into the 
other bodies of the same class — viz., fibrin and albumen. 

626. It may be obtained in a state of tolerable purity 
by evaporating a quantity of milk to dryness on a water- 
bath, and boiling the dry residue in successive portions 
of ether, in order to dissolve out the fat. The residue 
which remains insoluble in the ether is then dried, and 
digested in water, which will dissolve the casein and 

^ According to Miiller, fresh milk, when allowed to stand, first 
undergoes a peculiar change, resulting in the dissolution of the 
membranes inclosing the fat-globules, so that the proportion of fat 
which can be extracted by ether 'continues to increase for some 
time after the milk has been drawn. 

« See note to 471. 
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other soluble matters of the milk. On adding alcohol 
to the ac^ueouH solution, a great part of the milk-sugar 
is thrown down in the form of a precipitate, leaving the 
ciisein in solution together with some milkHSugar and 
soluble salts. 

It may I>e obtained in a purer condition by adding a 
little hydro(*hlorie acid to skimmed milk, collecting the 
ourd upon a linen strainer, and washing it first with 
water, then with water slightly acidified with hydrochlo- 
ri(! acid, and finally with pure water. If it be then 
heated to 110° with a large volume of water, the greater 
j)orti()n will dissolve slowly, and may be reprecipitated 
from the filterwl solution by neutralization with carbo- 
nate of ammonia. After washing with water, and warm- 
ing, first with alcohol, and aft;erwards with ether to re- 
moves all fatty matter, the casein is as pure as it can be 
obtained. It always leaves an ash of phosphate of lime 
when burnt. 

G27. It is most probable that pure casein is insoluble, 
•or very sparingly soluble, in water, and owes its solu- 
bility in milk to the small quantity of alkali which is 
present. When dry, it closely resembles fibrin and al- 
Imnien in ai)pearance (479), and its behavior with re- 
agents is in most cases very similar; it difiers from the 
latter chiefly in not coagulating when heated ; and it is 
precipitated by acetic, and nearly all the acids, but re- 
dissolves in a considerable excess of most of them. Its 
solution in acetic acid is precipitated by dilute sulphuric 
acid. The ferrocyanide and ferridcyanide of potassium 
also cause precipitates in solutions of casein. 

SECTION III. 
Sugar of Milk and Lactin (C24H24O24). 

628. The sugar contained in milk may be prepared in 
the following manner : The curd, including the greater 
part of the casein and fat-globules, is first separated by 
the addition of a few drops of acid to hot milk, and the 
remaining traces of those "Substances are then removed 
by mixing a little well-beaten white-of-egg with the whey 
when cold, and afterwards boiling the mixture, Tlie 
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whey thus clarified by the coagulating albumen of the 
egg, is filtered from the precipitate by passing it through 
muslin or calico; and the clear liquid may then be 
evaporated to about one-fourth or one-fifth its bulk, and 
set aside in a cool place for a few days. The sugar will 

Gradually separate from the liquid, in the form of minute 
ard crystals, which adhere to the surface of the contain- 
ing vessel. These may be purified by dissolving them 
again in water, boiling the solution with animal char- 
coal, and recrystallizing. 

629. This variety of sugar is less sweet than that ob- 
tained either from the cane or the grape (114) ; it is also 
harder and less soluble in water, requiring as much as 
five or six times its weight of cold, and two and a half 
times its weight of hot, water to dissolve it. When 
mixed with a little hydrochloric or sulphuric acid, sugar 
of milk gradually becomes converted into grape sugar 
(CigHj^Oi^), and this change takes place more rapidly 
if the solution is boiled. 

630. Under the influence of the caseous matter of the 
milk, this form of sugar gradually passes into lactic 
acid (2HO,Ci2-^ioOio), a change easily accounted for, 
since the formula of the sugar is a multiple of that of 
the acid, one equivalent of the former being broken up 
into two of the latter. 

SECTIOl^ IV. 

Fat' Globules, 

631. The minute globules which are held suspended 
in milk, and to which the opacity 

and whiteness of the fluid are due, fig. 69. 

consist mainly of oily fat, which o ©so p 

appears to be surrounded by a thin e ^'^ ^f^PfS,® ** ^ 

covering of insoluble matter differ- ^ o ^ ^% ^ ^Jq ^ 

inff in its properties from fat, and ^^? «>^^o^?S^o 

probably composed oi one oi the ©f^ ***••©? o o**^ 

protein compounds. It is for this ^ •.• o ^ « * ® oo 

reason that the fat-globules cannot ° o??©" ^ ^^o © 

be removed from milk by agitation Miik-Giobuies. 
with ether, unless potash be pre- 
viously added to dissolve the membranous envelop 




63*2. The size of the globules in healthy milk varies 
from u mere point to about sAgth of tin inch in diam- 
eter, the averf^ size being rather 
Fi«.;o. more than ^jinotli (^ig- *>9). 

633. In the milk which is 
secreted during the first few days 
of lactation, called the coloetnitn, 
and which is always muob richer 
in quality than ordinary milk, 
we find in addition to the com- 
mon milk-globules, numeroos 
granalar corpuscles of a pale 
yellowish color, and considerably 
larger than die others, their 
diameter varying irom aj/ogth to 
B^pth of an inch (Fig. 70). Similar corpuscles are also 
occa^jiunally present in milk secreted during disease. 
Tho\- ap^iear tu be almost peculiar to human milk, 
being rarely met u-ith in that of the cow and other 
aDimals. 

634, The fatty matter of milk consists for the most 
part of a solid &t, called margarin {C,„Hi„0,j}, mixed 
with a liquid fat or oil, called olein (CmHi^^Oi,}, t<^ther 
with small quantities of butyrin and other ikta. The 
proportion in which these several fats are found mixed 
in milk, varies considerably, being iiiduenced by the 
healtb and food of the individual, the season of the year, 
and other circumstances. A specimen of the &t con- 
biined in cow's milk, analyzed by Bromeis, contained — 



Margarin 

Olein, .... 

Butyric, caproic, aad capric a 



' Heintz prououDcea the nar^arin of butter to be a mixture of 
Bt«ariii (Cii^HiigUi,) and palmitin. (C,,,HmO„). Ha has alio ob- 

butter, as w 
H„0,) acids. 
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SECTION V. 

Saline Matters, 

635. It is probable that the following salts are present 
in milk, though an analysis of the ash will not, of course, 
detect the organic and volatile compounds included in 
the list, since they are either decomposed or volatilized 
during the process of incineration : the chlorides of po- 
tassium and sodium; the phosphates of potash, soda, 
lime, and magnesia, with traces of phosphate of the per- 
oxide of iron. 

636. According to Haidlen, the ash obtained by in- 
cinerating 1000 parts of cow's milk, consisted, in two 
instances, of the following substances : 



Phosphate of lime, . . . 
Phosphate of magnesia, . 
Phosphate of peroxide of iron. 
Chloride of potassium, 
Chloride of sodium, . 
Soda, 



I. II 

2.81 8.44 

42 64 

0.07 0.07 

1.44 1.83 

0.24 34 

0.42 0.46 



4.90 6.77 

637. The presence of these several salts may be proved 
by applying to a solution of the ash in water and hy- 
drochloric acid, the tests mentioned in the chapters on 
the urine and the blood (41, 490, &c.). 

SECTIOl^ VI. 
Composition of Human Milk, 

638. In healthy human milk, the several constituents 
which I have now briefly described, are not always pres- 
ent in the same relative proportions; various circum- 
stances, as those of age, temperament, and food of the 
mother, as well as the period of lactation, causing con- 
siderable variation in the composition of the secretion. 
The following examples will serve to show to what ex- 
tent these variations usually occur. The proportions 
are calculated in 1000 parts of milk. 
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Analysis I. (Simok.) 

Showing the mean of Fourteen Analyaea made at (liferent periods, 
with the Milk of the same Woman. 

Water, 883 6 

Solid coDBtitucntSi . 116.4 

Buttor,! 26.8 

Casein, 84.3 

Sui^ar of milk and extractive matters, . . 48 2 

Fixed salU, 2.8 

AnALYHES II, III, AND ly. (CleICM.) 

The fourth day The ninth day The twelfth dtf 
after delivery, after delivery, after delivery. 



Water, . 


879.848 


885818 


905.809 


Solid con8titucntfl, . 


120.152 


114.182 


94.191 


Butter, 


42.908 


85.816 


88.454 


Casein, 


85.883 


86.912 


29.111 


Sugar of milk "j 








and extractive ■ 


41.185 


42.979 


31.537 


matters, 








Salts, 


2.095 


1.691 


1.939 



Analysis VII. (Chkvallieb and Henri.) 

Water, 879.8 

Solid constituents, 120.2 

Butter, 85.5 

Casein, . 15.2 

Sugar of milk, 65.0 

Salts, 4.5 

The recent analyses of MM. Vernois and Alfred Bec- 
querel, give the following as the composition of normal 
human milk. 



• 



Water, 889.08 

Sugar, 48.64 

Casein and extractive, 89.24 

Butter, 26.66 

Salts (ash), 1.88 

1000.00 
Specific gravity, 1032.67. 



1 The portion of milk drawn at the commencement of a draught 
(whether from a woman or a cow) is not so rich in butter as that 
drawn at the conclusion. 
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SECTION VII. 

Composition of the Milk of other Animak. 

639. The proportion of the several constituents is 
found to differ considerably in the milk of different 
animals.^ The subjoined table, showing the composition 
of the milk of a few of the more important domestic 
animals, from the analyses of Chevallier and Henri, will 
serve to illustrate this : 





Cow. 


Ass. 


Goat. 


Ewe. 


Casein, 


4.48 


.1.82 


4.08 


4.50 


Butter, 


3.13 


Oil 


3.82 


4.20 


Sugar of milk, . 


4.77 


6.08 


6.28 


5.00 


Saline matter, . 


0.60 


0.84 


0.52 


68 


Water, 


87.02 


91.65 


86.80 


85.62 




100.00 


100.00 


100.00 


100:00 



639a. According to the analysis of Morin,^ milk con- 
tains a considerable quantity of a substance resembling 
gelatin, which he proposes to call galaetin. Both this 
substance and the casein of milk possess a specific 
power of emulsifying the fats, and he thus accounts for 
the minute state of division of the fatty matter in milk. 
It is also asserted that the coagulum obtained by boiling 
milk which has been curdled by acetic acid and filtered, 
consists of albumen. The results of Morin's analysis of 
cow's milk were : 

Casein, 86.14 

Soda in combination with it, . . . 0.48 

Butter, 13.78 

Albumen, 3.90 

Sugar of milk 86.00 

Gelactin (gelatigenous matter), . . . 3.82 

Alcohol extractive, 5.42 

Phosphate of lime, 2.56 

Chloride of sodium, 0.56 

Water, ....... 897.34 

1000.00 



1 Schlossberger describes the milk of the carnivora as having 
usually an acid reaction. The milk of stall-fed cows, mares, and 
ewes kept on green food is also said to be frequently acid. 

' Journ. of Pharm. (3), xxv, 71. 
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CHAPTER II. 

QUAHTITATrVE AVALT8I8 OF XILK. 

640. Two portions of milk, one weighing about 100 
grains, and the other about 4()0 grains^ are to be accu- 
rately weighed, the first in a platinum crucible or cap- 
sule, and the second in a porcelain capsule ; both the 
vessels having l>een previously weighed or counterpoised. 
The first portion, of 100 grains, we will call A, and the 
second, of 400 grains, we will call B. 

641. Treatment of the po7*tion A. — This portion, after 
l)eing wc»ighed, is to be evaporated to dryness on a water- 
bath, or, still l)etter, on a ehloride-of-calcium bath heated 
to about 220°, until, on being weighed at intervals of 
half an hour or an hour, it ceases to lose any further 
weight. The weight of the dry residue will then repre- 
sent the amount of solid matter contained in the 
quantity of milk used, while the loss of weight during 
eva|)oration shows the amount of water. 

642. In these and the other determinations, the pro- 
portion present in 1000 parts of the milk is calculated 
in the following manner : 

r Wt. of milk 1 r Wt. of each ^ f Proportion of that 1 

-j used in the - : -j constituent !- : ; 1000 < constituent in 1000 [• 
( experiment. J ( obtained, j I parts of the milk. J 

643. The weight of the dry residue having been noted, 
the crucible, with its contents, is to be placed over a 
lamp, and kept at a red heat until the whole of the char- 
coal is burned away, and the ash becomes white or nearly 
so. The weight of the ash thus obtained will represent 
the amount of inorganic saline matter in the quan- 
tity of milk evaporated ; from which the proportion in 
1000 parts may be calculated as before (642).* 

^ See footnote to paragraph 63. 
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644. TrecUment of the portion B, — This portion, after 
being weighed, is to be mixed with about one-fourth its 
weight of fine-pounded hydrated sulphate of lime (CaO, 
S03+2Aq), or unburnt gypsum, with which it is to be 
well stirred for a short time, and then raised to a tem- 
perature of 212° ; by which means the whole of the 
casein will become coagulated, and insoluble in water. 
The mixture is now to be evaporated to dryness on a 
water-bath, being occasionally stirred, in order that the 
solid residue of the milk may be pretty uniformly mixed 
with the sulphate of lime. 

- 645. The mass, when dry, is then easily reduced to 
powder ; after which it is to be digested with successive 
small quantities of ether (545), which will dissolve out 
the whole of the fatty matter. The ethereal solution is 
now evaporated to dryness on a water-bath, and the 
residue weighed ; its weight representing the amount of 
FAT in the quantity of milk operated on ; from which 
the proportion present in 1000 parts of milk may be 
calculated as before (642). 

646. The portion of the residue which proved insolu- 
ble in ether (645), is now to be treated with hot, moder- 
ately strong alcohol, as long as anything dissolves. In this 
way, the whole of the sugar, together with a little saline 
matter and alcohol-extractive, is dissolved. The alcoholic 
solution is to be evaporated to dryness on a water or 
chloride of calcium bath, and the dry residue, having 
been accurately weighed, is incinerated; the diiierence 
between the weight before and after incineration will 
then represent the quantity of sugar, with a little 
alcoholic extractive matter, in the portion of milk em- 
ployed. The proportion contained in 1000 parts is then 
calculated as in former cases (642). 

The sugar may be much more exactly determined by 
means of the alkaline copper-solution, as described at 
(352). 100 grs. of the milk are acidified with hydro- 
chloric acid, heated to coagulate the casein, and filtered ; 
afl^r washing the coagulum once or twice with water, 
the filtrate and washings are boiled in a flask for about 
an hour, replacing the water which evaporates, in order 
to convert the milk-sugar into grape-aviga.T, ^\we.^ ^ksfc 
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firrnier does not reduce the same proportion of oxide rf 
(*op])(T. The volume of the liquid is then made up to 
10(K) grs., and the determination proceeded with as in 

()47. The proiwrtion of casein may be estimated by 
adding together the amount of water, &ty sugar, and 
saline matter, already ascertained as being present in 1000 
{Mirts of t lie milk, and deducting the sum of them from 
10(H). 

G48. The casein may also be approximately determined 
ill another weighed portion of milk by acidulating with 
acetic acid, lx)iling, collecting the curd upon a weighed 
filter, washing two or three times and drying at 212°. 
From its weight that of the fatty matter contained in the 
milk (645) should be deducted. 



CHAPTER III. 

MILK DUBnrO DISEASE. 

649. The milk which is secreted during disease is 
usually more or less modified in its composition ; even 
slight demngements of the system, and any great mental 
anxiety or sudden emotion of fear, &c.-, not unfrequently 
have the effect of disturbing, in a remarkable manner, 
the natural character of the secretion. The exact nature 
of these changes is very imperfectly understood. They 
are probably sometimes merely variations in the relative 
proportions of the several constituents of the healthy 
fluid; at others, and perhaps more frequently, certain 
abnormal matters are formed. 

650. With the assistance of the microscope, we are not 
unfrequently able, with great facility, to detect the pres- 
ence of certain morbid products which are not found in 
the healthy secretion. The peculiar form of milk called 
the colostrum, which is secreted during the first few days 
of lactation, has been already mentioned as difiering very 
considerably in microscopic appearance from healthy 
milk, and as containing numerous granular corpuscles, 
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much larger than the ordinary railk-globules (633). The 
corpuscles of the colostrum also show a tendency to ad- 
here to each other, while the globules of the healthy 
fluid usually float freely about. It occasionally happens 
that the milk, instead of changing, in the course of a 
few days, to its more natural condition, continues for a 
length of time to possess the characters peculiar to colos- 
trum ; and has even been observed to change back again 
to this condition, afl:er being secreted for a time in a 
healthy state. The presence of the colostrum-corpuscles 
(Fig. 70), and the slightly viscid appearance also char- 
acteristic of this condition, may at once be detected 
under the microscope. 

651. The presence of pus, which during the formation 
of a mammary abscess often finds its way into the milk, 
may also be detected under the microscope, by the occur- 
rence of the peculiar pus-granules (Fig. 71). Blood- 
corpuscles, too (451), are also found, though more rarely 
than those of pus, owing, in most cases, to the rupture 
of some of the minute bloodvessels with which the 
mammary gland is permeated (Fig. 72). 



Fig. 71. 



Fig, 72. 





Pus in Milk. 



Blood in Milk. 



652. Urea is said to have been found in the milk of 
women aflected by Bright's disease. In addition to the 
strictly morbid products, other substances, especially 
certain salts, which have been taken into the system 
either in the food or as medicine, appear occasionally to 
find their way into the milk, where they may sometimes 
be detected by the proper tests. 
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Analyris of the Colostrum of a Woman-, tooetheb with 

THAT OF THE HeALTHT MiLK OF THE SAME INDIVIDUAL. 

(Simon.) 



Water, 

Solid constituents, 

Fat, . 

Casein, 

Sugar of milk, 

Saline matter, . 



Colostrum. 

828.0 

172.0 

60.0 

40.0 

70.0 

8.1 



Healthy 
Milk. 

887.6 

112.4 

26.3 

34.3 

48.2 

2.3 



CHAPTER IV. 



THE ADULTERATIONS OF MILK. 

653. It is well known that much of the milk which 
is supplied in large towns is almost constantly more or 
less adulterated, and although the substances employed 
for the purpose are in most cases comparatively innoxi- 
ous, it is much to be wished that some simple and eflS- 
cient test of its genuineness and purity could be devised, 
caj)able of being applied by those who are unaccustomed 
to experiment. 

654. The chief mode of adulteration practiced in this 
country consists in dilu^ng the milk with water, and at 
the same time occasionally removing thp cream. To 
correct the bluish color of the impoverished milk, it is 
said that a little annatto is sometimes added. Milk has 
been occasionally found adulterated with gum, flour, and 
starch to conceal its diluted condition, and it is even 
asserted that the clumsy fraud of adding chalk and 
emulsion of sheep's brains has been detected. 

655. On examining a little of the milk under the 
microscope, the peculiar granules of starch and flour may 
be readily seen (Fig. 73, a), larger and more oval than 
the milk-globules, if either of those substances is present ; 
and when examined with polarized light, each granule 
will be found to exhibit a dark cross, as shown at 6 in 
the figure. Should any doubt exist as to their real 
nature, the addition of a drop or two of a solution of 
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iodine will impart to the farina-granules a dark-purple 
color. 

Fig. 73. 




Starch-Granules. 

Gum may be detected by acidulating the milk with 
acetic acid, boiling, filtering off the coagulum, and mixing 
the filtrate with alcohol, when the gum is deposited and 
may be recognized by its behavior with water. The 
presence of annatto would cause the milk to assume a 
brown color on addition of carbonate of soda. 

666. The microscope will also serve to show the pres- 
ence of macerated brain, which may be recognized by 
the occurrence of fragments of nerve and other organized 
structures, not found in pure milk. 

657. The presence of chalk may be still more easily 
discovered, since, owing to its specific weight, it soon 
subsides to the bottom of the liquid, where it may at 
once be recognized by its effervescing on the addition of 
a little dilute hydrochloric acid. 

658. We have no chemical means of ascertaining 
whether water has been fraudulently added to milk, the 
only effect being to dilute it, and render it of poorer 
quality, which might arise from natural causes. A 
knowledge of the specific gravity will not even allow 
us to decide as to the richness of the milk, since the 
abstraction of a portion of the cream, which has a lower 
specific gravity than milk, may be made to neutralize 
the effect produced by the addition of water ; the ten- 
dency of the removal of the cream being to raise the 
specific gravity of the fluid, and that of the addition of 
water, to lower it. A specimen of milk, therefore, \v1a\q\v 
has been ira2X)verjshed by the abstraction ot \ts^ ct^acov 
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and still further weakened by the addition of water, may 
be made to possess the same specific gravity as it had 
when taken from the udder. 

For most practical purposes it is sufEcient to compare 
the relative volumes of cream furnished by equal quan- 
tities of different specimens of milk. This may be r^ily 
effec^ted by allowing the milk to stand in a graduated 
tulx^ {lactometefi*) for twenty-four hours, at a moderate 
tc^mpcrature, and measuring the number of divisions 
ocxjupied by the cream. 

Another method proposed by Daubrawa for the rapid 
determination of the quality of milk consists in mixing 
it with two volumes of alcohol of sp. gr. 0.833, filtering 
off the butter and casein (which may be dried and 
weighed), and taking the specific gravity of the filtrate. 
Every increase of .004 in the specific gravity above 
0.905 (the sp. gr. of the mixture of alcohol with the 
water of the milk) indicates 1 per cent, of milk-sugar. 
For example, if the specific gravity of the filtrate be 
0.922, there would be 4.25 per cent, of milk-sugar, for 
0.922— 0.905=.017, and .017^.004=4.26. The result 
may be controlled by evaporating the spirit, converting 
the milk-sugar into grape-sugar by boiling with a little 
dilute sulphuric acid, rendering the solution alkaline by 
potash, and determining the sugar by the standard cop- 
{Kjr solution (352). 

659. It occasionally happens that the milk exposed 
for sale is the produce of an unhealthy animal. Such 
milk has usually some peculiarity of talste or smell, and 
also a slightly viscid and unnatural appearance; on 
being examined under the microscope, too, it will prob- 
ably be found to contain pus- or mucus-corpuscles, or to 
present other appearances differing from those of the 
healthy secretion. 
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CHAPTEE V. 

BILE. 

669a. The bile consists essentially of an aqueous solu- 
tion of two salts, known as cholate (or glycocholate) and 
choleate (or taurocholat^) of soda. It is generally, but 
not always, alkaline. 

Bile is remarkable, among the secretions of the animal 
body, for the large proportion of carbon which it con- 
tains. Cholic acid (HO,C52H42NOii ) contains 67 per cent., 
and choleic acid (HO,C62H44NOj3S2) 60.5 per cent, of car- 
bon. There are also present in bile a quantity of mucus, 
to which it owes its viscidity, a peculiar coloring matter, 
and minute quantities of cholesterin, olein, margarin, 
and lecithin (a phosphorized fat discovered in bile by 
Grobley,^ and also found in serum), together with chloride 
of sodium, and alkaline and earthy phosphates. 

Cholic AM. — To isolate this acid, the bile is evaporated 
to dryness, the residue dried at 250° Fahr. and digested, 
in the cold, with absolute alcohol. The coloring matter 
is precipitated from the alcoholic solution by the gradual 
addition of ether, and the clear solution decanted from 
the deposit is mixed with more ether, when it gradually 
deposits tufts of needles consisting of the chelates of 
potash and soda. After having been washed with a mix- 
ture of absolute alcohol, with y^th ether, the crystals are 
dried in vacuo, dissolved in a little water, and decom- 
posed by dilute sulphuric acid, when cholic acid slowly 
separates in silky crystals, which are sparingly soluble 
in cold water, and in ether, but readily in alcohol. 

When cholic acid is boiled with dilute hydrochloric 

1 Journ. of Pharm., xxx, 241. Strecker has recently discovered 
lactic acid in bile, together with a new alkaline base — Cholin, 
0»HuNO,. 
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acid, it assimilates the elements of water^ and is decom- 
posed into choloidic acid . and glycocin (or sugar of 
gelatin) : 

Cholic acid. Choloidic acid. Glycocin. 

II0,C5,H,,N0ii+H0=C«H«,0, + C\H,NO^. 

Choleic Acid. — This acid is not nearly so abundant in 
the l)ile as the preceding. In order to obtain it, the bile 
is mixed with water, and acetate of lead added to separate 
the mucus, the cholic and the fatty acids. From the fil- 
tered liquid, the color is removed by adding tribasic 
acetate of lead till the precipitate is white, and after fil- 
tration, the choleic acid is precipitated by adding more 
tribasic acetate of lead and ammonia. The lead salt is 
dissolved in alcohol, filtered, reprecipitated by water, and 
decomposed by sulphuretted hydrogen. The solution 
filtered from the sulphide of lead is evaporated, when it 
leaves the choleic acid. 

When boiled with acids, choleic acid is decomposed, 
with the concurrence of the elements of water, into a 
new acid, and a j)eculiar crystalline body called taurin : 

Choleic acid. Cholallc acid. Taurin. 

H0,C6,H^N 0,3S2+2H0=H0ic,8H Joi-hC,H,NO^,. 

Taurin, which has also been found in the kidneys and 
in the lungs of the ox, is conspicuous among organic 
substances for the large amount of sulphur which it 
cx)ntains (25.6 per cent.). It may be prepared in quan- 
tity by mixing bile with hydrochloric acid, filtering it 
from the mucus, and boiling for some hours. The clear 
liquid having been poured off from the resinous deposit, 
is evaporated to a small bulk on the water-bath. The 
solution is drained from the crystals of chloride of sodium, 
and mixed with six volumes of alcohol. On standing, 
prismatic crystals of taurin are deposited, and may be 
recrystallized from water in order to purify them. It is 
insoluble in absolute alcohol and ether, and not very 
soluble in cold water. It may be identified by the odor 
of sulphurous acid when a crystal is heated on platinum- 
foil. 

Coloring Matter of Bile, — ^Two coloring matters have 
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been obtained from bile, one of which, biliverdin, is 
easily soluble in alcohol, whilst biliphcein dissolves with 
diflBculty. In order to separate them, Brucke recom- 
mends that the bile be well shaken with chloroform, 
which extracts the biliphsein. On evaporating the chlo- 
roform, and treating the residue with strong alcohol, the 
coloring matter is left in red crystals, which may be 
purified by washing with alcohol and ether. If bili- 
phsein be dissolved in carbonate of soda, the solution 
oxidized by exposure to air, and neutralized with hydro- 
chloric acid, a precipitate of biliverdin is obtained. 

In Bright's disease, it is said that albumen and urea 
have been found in bile. 

Sugar-forming Substance in the Liver. — If a fresh liver 
be cut into thin slices, heated with a small quantity of 
water, the solution filtered, evaporated to a small bulk, 
and mixed with a large excess of glacial acetic acid, a 
white flocculent precipitate is obtained which has the 
composition Cj2HioO,o (Kekule).' This substance, which 
resembles starch in some of its properties, as well as in 
its composition, has been called animal amyloid, hepdtin, 
and glycogen. Like starch, it is converted into grape- 
sugar when boiled with dilute acids, but it gives a dark 
brown-red, instead of a blue color, with iodine. It dis- 
solves in water, giving a strongly opalescent fluid, which 
is precipitated by alcohol. Sugar is also found in the 
decoction of liver, but it is doubtful whether it exists in 
the organ during life, or results from a post-mortem 
conversion of the glycogene. This substance has also 
been obtained in the milky fluid resulting from the injecy 
tion of water into the liver in preparing it for the ordi- 
nary process of injection. 



^ According to Pelouze, CigHijOij-l-HO. 
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CHAPTER VI. 

' JUICE OF FLESH. 

If a few pounds of finely divided flesh be digested for 
a short time in cold water, and afterwards well squeezed 
in a muslin bag, a reddish acid^ liquid is obtained^ con- 
taining a little blood, together with the constituents of 
the juice of flesh, viz., albumen, creatin, creatinin, sar- 
cin, inositc; lactic acid, butyric acid,^ phosphoric acid, 
in combination with potash, lime, and magnesia; and 
chloride of jK)tassium with a little chloride of sodium. 

Crcittin (C8H9N304,2Aq). To extract this substance, 
the above infusion is heated in a water-bath until the 
whole of the albumen is coagulated; it is then strained, 
and mixed with baryta-water until it is alkaline to tur- 
meric-paper. The precipitate (phosphates of baryta, 
lime, and magnesia) is filtered off, and the solution evap- 
orated to a syrup. After standing for tt few days, it will 
deposit prismatic crystals of creatin, which may be puri- 
fied by recrystallization, with the use of a little animal 
charcoal. 

1000 parts of beef yield about 0.7 of creatin, 1000 
parts of codfish, 1.3 parts, and 1000 of fowl about 3 
parts. Human flesh is said to be particularly rich in 
creatin. 

Creatin has no alkaline reaction, but is capable of 
forming crystalline salts with acids. It dissolves in 75 
parts of cold, and in much less boiling water. It is very 
slightly soluble in alcohol, and insoluble in ether. 

A pure solution of creatin will not give any precipi- 
tate with solution of chloride of zinc, but if the solution 

1 According to Du Bois Reymond, the juice of flesh is naturally 
alkaline, but becomes acid very speedily after death. 

^ Scherer has also found formic and acetic acids in the juice of 
flesh. 
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be previously boiled for some time, creatinin is formed? 
which yields, with chloride of zinc, a granular crystalline 
precipitate : 

Creatin. Creatinin. 



CgH.N.O, - 2H0 = C,H,N,0,. 

The conversion is much accelerated by the addition of 
a little hydrochloric or sulphuric acid. 

If creatin be dissolved in water and boiled with 10 

Sarts of crystallized baryta, as long as any ammonia is 
isengaged, it yields a new base, sarcosin, which may be 
obtained in prismatic crystals by saturating the solution 
with carbonic acid gas, boiling to precipitate the excess 
of baryta, and evaporating the filtered liquid to a small 
bulk : 



Creatin. Sarcosin. Urea. 



-\ 



The urea, which is the other product of this decomposi- 
tion of creatin, is decomposed by the ebullition with 
baryta into carbonic acid and ammonia. 

Oreatinin. If the liquid from which the crystals of 
creatin were deposited be mixed with a strong solution 
of chloride of zinc, and set aside, crystals of the com- 
pound of creatinin with chloride of zinc will be separated. 
The preparation and properties of creatinin have been 
described under the head of urine (30a). 

Sarcin [CioH^l^fiz)' To Obtain this base, the mother- 
liquor from the crystals of creatin is diluted, and mixed 
with a dilute solution of acetate of copper. The precipi- 
tate is washed, suspended in water, and decomposed by 
sulphuretted hydrogen ; after filtering from the sulphide 
of copper, the solution is gently heated on a water-bath 
to expel the excess of sulphuretted hydrogen, and boiled 
with hydrated oxide of lead to remove the coloring 
matter. 

Aftier another filtration, sulphuretted hydrogen is again 
passed through the solution, the sulphide of lead filtered 
off, and the filtrate evaporated to a small bulk, when it 
deposits crystals of sarcin. 

This substance, like creatin, is a weak base, forming 
salts with acids. It is much less soluble in water than 
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creatin, requiring 300 parts of cold and 78 parts of boil- 
ing water. It is much more sparingly solume in alcohol. 

The c(>m])o.sition of sarcin is the same as that of hy- 
poxanthin, another basic substance which has- been -found 
m tlie sj)loen. 

Jno»ite (C„H,jO„,4Aq). This substance^ as well as 
Inoiiic acid (HO,C,0H^N,Oiq) does not appear to be 80 
invariably present in the juice of flesh as creatin is.* In 
order to extract it, if present, fix)m the mother-liqnor 
after the wi>aration of the creatin, dilute sulphuric acid 
is added, in quantity exactly 8uj£cient to precipitate the 
baryta, and the filtered liquid is well shaken with ether, 
which removes the lactic acid. To the aqueous liquid, 
alcohol is then added in successive portions; the first 
addition rauses a precipitation of sulphate of potash and 
other salts, and after separating these and a further 
addition of alcohol, small cr}'stals of inosite are deposited. 

This Inxly is remarkable for its sweet taste, and for 
having, when dried at 212°, the same composition as 
grape-sugar driwl at that temperature (CigHigOij). It 
differs from that substance, however, in not reducing the 
oxide of copjKir in alkaline solution to the state of sub- 
oxide, and in not giving a brown solution when boiled 
with jwtash. Neither can it be made to undergo the 
vinous fermentation. Inosite is readily dissolved by 
water, but is insoluble in absolute alcohol and in ether. 
It is said to exist to the extent of f per cent, in unripe 
beans. 

Lactic Acid (2HO,C,2Hn,Oio). The lactic acid extracted, 
as described above, by ether^ from the juice of flesh, is 
commonly called sarco-lactic acid, to distinguish it from 
ordinary lactic acid obtained by the fermentation of milk- 
sugar (621). Although the properties of both varieties 
of lactic acid in the free state are similar, their salts are 
not precisely so. The sarco-lactate of zinc has the formula, 
2ZnO,C\2HioO,o,4Aq, whilst the ordinary lactate of zinc 
contains 6 Aq. Again, the sarco-lactate of lime is 2CaO, 
Ci2HiQO,o,8Aq, and the ordinary lactate, which is also 
the more soluble in water, contains lOAq. 

* It was originally obtained from the heart, but has recently been 
found in the kidneys, liver, spleen, and lungs of tiie ox. 
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The lactic acid is obtained by evaporating the ethereal 
solution, as a syrupy acid liquid, which does not crystal- 
lize, and is best characterized by boiling it with a few 
zinc filings, when the lactate of zinc will be formed, 
which deposits in sparingly soluble crystalline crusts. 

Butyric Add (HOjCgHyOj). By acidulating the 
mother-liquor from the creatin with sulphuric or hydro- 
chloric acid, and distilling, a very dilute solution of buty- 
ric acid is obtained. The acid may be identified by its 
odor of rancid butter, and in order to obtain it in a pure 
state, the acid distillate from a large quantity of flesh 
mast be neutralized with baryta and evaporated, when 
butyrate of baryta crystallizes out. By dissolving this 
in a little water, and adding just enough sulphuric acid 
to precipitate the baryta, a concentrated solution of the 
acid may be obtained. By introducing into this, in a 
tube, fragments of fused chloride of calcium, the butyric 
acid is separated and rises, as an oily layer, to the sur- 
face, whence it may be drawn off, and purified by distil- 
lation with a little more chloride of calcium. 



CHAPTER VII. 

MUCUS. 

SECTION I. 
General Characters of Mucus, 

660. Healthy mucus, which is secreted by the mu- 
cous membrane with which the internal surfaces of the 
several parts of the body are covered, is a semifluid viscid 
substance, the general appearance of which is well known. 
It is sometimes so thin and limpid as almost to resemble 
water in appearance; while at others, and more com- 
monly, it is tough and extremely tenacious, becoming 
stringy, when attempted to be drawn out. When thin 
and watery, it is nearly transparent and colorless ; the 
more viscid forms, however, being turbid or opaque, and 
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usually of a pale yellowish or grayish color. It is gener- 
ally alkaline to test-paper, insoluble in water, and some- 
what heavier than that fluid; so that when placed in 
water it gradually sinks to the bottom, unless it is buoyed 
u[) by entangled air-bubbles. The mucus obtained from 
the several parts of the body differs considerably in ap- 
pearance, and probably also in chemical composition. 
When dry it is hard and friable, resembling horn in ap- 
pearance ; the dry mass, on being digested in water, grad- 
ually swells up, and partially reassumes its former ap- 
pearance. 

661. When mucus is examined under the microscope, 
with a power of about 200 diameters, it is found to con- 
tain numerous round or oval granular corpuscles, together 
with epithelialscales (Fig. 6), entangled in a more or less 
viscid fluid, to which latter the peculiar tenacious char- 
acter of mucus appears to be due. Mucus, therefore, 
consists of two distinct portions : the solid corpuscles 
with epithelial scales, and the fluid with which they are 
surrounded. Under favorable circumstances, and with 
a hiffli magnifying power, the fluid portion appears to be 
filled with extremely minute molecular particles, the 
nature of which is not clearly understood. 

662. The size of the mucus-corpuscles varies consid- 
erably, the average diameter being about s^^u^th of an 
inch. Their surfaces are granular, similar to those of 
pus ; and when treated with dilute acetic acid, the ex- 
terior covering loses its granular appearance, and becomes 
transparent, rendering visible from one to five internal 
nuclei. The same effect is produced by dilute oxalic and 
tartaric acids ; but the dilute mineral acids cause little 
or no change. 

663. Mucus appears to contain in its composition the 
following substances; mucus-corpuscles, epithelial scales, 
mucin, traces of extractive matters and fat, sometimes a 
small trace of albumen and saline matters ; which latter 
consistof alkalinechlorides and lactates, phosphateof lime, 
and traces of carbonate of soda. The mudn, to which the 
peculiar tenacious character of mucus appears to be due, 
is insoluble in pure water, and is probably held in solu- 
tion in the fluid porticm of the mucus, by the small 



QITANTITATIVE ANALYSIS OF MUCUS. 247 

excess of alkali usually present ; it separates in the form 
of a white coagulum when mucus is treated with water, 
and still more completely when neutralized with dilute 
acetic acid. The minute traces of fat found in mucus 
probably exist in the corpuscles, though the exact chemi- 
cal nature of these is by no means clearly ascertained. 

SECTION II. 

Quantitative Analysis of Mucus. 

664. The quantitative determination of the principal 
constituents of mucus may be made in the following 
manner. The mucus intended for analysis is first divided 
into two portions, A and B ; the first, A, being about one- 
quarter, and the second, B, about three-quarters of the 
whole. Both portions are to be weighed in counterpoised 
capsules, that containing A being platinum, and evap- 
orated to dryness on a chloride of calcium bath, at a 
temperature of about 220^. 

666. Treatment of the portion A, — This portion, after 
being dried until it ceases to lose weight, is to be accu- 
rately weighed. The weight of the dry residue gives the 
amount of solid matter in the quantity of mucus evap- 
orated, while the loss represents the amount of water. 

666. The proportion of these and the other ingredients, 
contained in 1000 parts of the mucus, may in each case 
be estimated by the following calculation : 



Weight of 

mucus 
before eva- 
poration. 



. 



'Wt. of each con- 
stituent con tained 
in the quantity of 
mucus employed. 



h:1000: 



Proportion of that 
constituent con- 
tained in 1000 
parts of mucus. 



667. The dry residue is then to be incinerated at a 
low red heat, until the ash becomes white, or nearly so. 
The weight of the ash will then represent the amount of 
SALINE MATTER in the quantity of mucus used ; from 
which the proportion present in 1000 parts may be calcu- 
lated as before (666). 

668. Treatment of the poi-tion B, — The dry residue left 
after evaporation (664), is to be removed from the capsule, 
and reduced to fine powder in a mortar. It is then 
boiled with successive small portions of ether, wlvieK^\VV 
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dissolve out the fat (545). The ethereal solution is evap- 
onitwl to dryness on a water-bath^ when the weight of 
the residue will indicate the amount of £AT in the quan- 
tity of mucus employed ; from which the proportion in 
l6()0 parts may be estimated as before (666). 

66(K The residue which proved insoluble in the ether 
(GCiH) is to l)e l)oiled with a little alcohol, afler which the 
alcoholic solution is to be evaporated to dryness, and the 
dry residue weighed. This is then incinerated, and the 
weight of the ash, deducted from that of the dry extract, 
will give the amount of alcoholic extractive, with the 
lactic acid of the lactates, in the quantity of mucus used; 
which may be corrected, as before, for 1000 parts (666). 

670. The j>ortion of the residue which proved insoluble 
in the alcohol (669) is to be dried and weighed ; the weight 
indicating the amount of MUCIN, together with cellular 
matter, and probably traces of albumen, in the quantity 
of mucus employed ; from which the proportion present 
in 1000 parts of mucus may be calculated, as in the 
former cases (666). 

671. According to Nasse, the composition of fresh pul- 
monarv mucus is as follows : 



Water, .... 

Solid constituents, 

Mucin, with a little albumen 

Water extract, 

Alcohol extract, 

Fat, .... 

Chloride of sodium, 

Sulphate of soda, . 

Carbonate of soda, 

Phosphate of soda, 

Phosphate of potash, with traces of iron 

Carbonate of potash. 

Silica, and sulphate of potash. 



955.520 

44.480 

23.754 

8006 

1.810 

•2,887 

5.825 

0.400 

0.198 

0.080 

974 

0.291 

0.255 



SECTION III. 
Morbid Mucus. 

672. The characters of mucus secreted during disease 
are usually more or less different from those of the nor- 
mal secretion, and an admixture of foreign matters fre- 
quently altiers its appearance considerably. Pus, for 
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instance, when mixed with it, diminishes its tenacity, 
owing to the mucin being present in smaller proportion 
(663) ; and when the liquid portion of mucus containing 
an admixture of pus is tested for albumen (254, 667), a 
considerable amount of that substance may usually be 
detected ; since the liquor puris, or liquid portion of pus, 
contains a comparatively large quantity of albumen, but 
no mucin. Our means of detojting the presence of minute 
traces of pus in mucus are very imperfect ; the decided 
presence of albumen in the purulent secretion is, indeed, 
almost the only test, since the microscopic characters of 
the corpuscles appear to be very similar (249). 

673. The morbid mucus expectorated in pulmonary 
disease, frequently contains, besides pus, red blood-cor- 
puscles, minute globules of fat, fragments of tuberculous 
matter, and other abnormal substances, most of which 
may generally be detected without difficulty under the 
microscope. The indications aflForded by a careful micro- 
scopic examination of such expectorations, indeed, may 
often lead to results in diagnosis, of great importance to 
the practical physician. 



CHAPTER VIII. 

PTJS. 

SECTION I. 
General Characters of Pus: 

674. Pus is the peculiar semifluid matter which is 
formed in abscesses, and in other kinds of wounds. In 
common language, a considerable variety of substances, 
more or less resembling each other in appearance, though 
differing in many respects, are included under the name 
of pus ; and hence it has been found necessary to distin- 
guish the normal secretion by the name of true or genuine 
pas ; the other substances being called spurious or fake 
pvs. 

675. Normal pus is a thick creamy-looking fluid, per- 
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fectly opaque, and usually of a pale yellow or greenish 
color. Jt possesseB little or no tenacity^ and may coiwe- 
quently Ih^ ]M)ure<l in sepasate drops ; in which respect it 
(liilers essentially from mucus, which^ in color and 
general appearance, it often much resembles. Its specific 
gravity is usually about 1030 or 1033, so that it sinks in 
water ; and if shaken up with that fluid, mixes uniformly 
with it. The mixture, after standing a short time, 
gradually deposits a sediment, consisting of pus-corpos- 
clc»8 (678). It is most commonly neutral to test-paper, 
but is also occasionally met with slightly acid or alkaline. 

G76. liikc mucus, pus consists of a clear fluid portion 
or scrum, in which float innumerable minute granular 
coq)uscle8, which latter appear to be almost precisely the 
same as those contained in mucus, and when examined 
under the microscope, exhibit the same granular apnear- 
ance. The liquid portion of pus, or liquor pwrisy now- 
ever, differs essentially from that of mucus, and contains 
the following substances in solution, which, it will be 
seen, are nearly the same as those held in solution in the 
serum of the blood (568) — viz., albumen, together with a 
peculiar compound called pyin, or tritoxide of protein 
(which is soluble in water, and precipitated by acetic 
acid), fat, cholesterin, extractive matters, and inorganic 
salts.^ These latter consist, for the most part, of chloride 
of sodium, with small quantities of phosphate, sulphate, 
and carbonate of soda ; the chlorides of potassium and 
calcium ; phasphates and carbonates of lime and mag- 
nesia ; and traces of peroxide of iron. 

677. The presence of these matters in the liquor puris 
may be shown by placing some piis in a tall narrow 
glass, and allowing it to stand, in order to give the cor- 
puscles time to subside ; after which, a little of the clear 
liquid may be drawn off with a pipette. On boiling a 
few drops of this in a test-tube, the albumen becomes 
coagulated, and separates from the liquid : after which 
the pyin may be thrown down in the form of a white 
flocculent precipitate, by adding a little acetic acid.^ The 

^ Loucin (CjjHjjNO^) has hIpo been found in pus. 
^ Pyin is precipitated by chloride of mercury, and by acetate of 
lead, which is not the case with mucin. 
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liquid may ihen, if necessary, be tested for the beveral 
inorganic salte above enumerated (490, 676). 

678. The pus-corpusclee, though quite invisible to the 
naked eye, may be distingiiiehca uniler the microscope 
with a magnifying power of from My to one hundred 
diameters ; a considerably 

higher power, however, is re- ^"^- '*■ 

quired tor exhibiting their -- ,«, ^k <» j» — 

pecaliar granular structure ©^®« ^S?® 
(Fig.74,4 The size ofthese ^^^0^ f?0* 
corpusclesvariesGonBidcrably, w&^. g^ 9 A ^ 
bei„g»m„,ODlyaboul„S,th ®^3 O^^ 
of an inch in diameter. They „ , ,„ , ..^ 

are nearly spherical ; and have aimneten. 

a very pale yellowish color, 

which is sfareely perceptible, unless several of them are 
a^r^ated together. Being slightly heavier than the 
liquor puris with which they are surrounded, they 
gmdually subside to the bottom, leaving the fluid portion 
nearly clear. Minute globules of fat may usually be 
detected, mixed with the corpuscles. 

679. The pus-corpuscles, when tresited with liquids of 
diderent densities, exhibit the phcnomeua of endosmoeis 
and exosmosis, somewhat similar to those already 
described as taking place in tlie corjiuscles of the blood 
(456); increasing in size when the external liquid, su<^ 
as pure water, is of lower density, and collapsing when 
it is of higher density, than the tiuid contained in them. 
When treated with dilute acetic acid, the external cover- 
ing becomes transparent, and exhibits one or more 
internal nuclei (Fig. 74, b). 

680. When mixed with a solution of ammonia or pot- 
asb, pus loses its fluidity, and assumes a jelly-like appear- 
ance, which is highly characteristic, and is employed to 
distinguish it from mucus, which becomes less tenacious 
than before when treated with alkalies. A somewhat 
similar effect is produced also by the alkaline carbonates, 
and certain other salts. 

681. Altiiough the general appearance and characters 
of pus are usually sufficiently marked to enable us to 
identify it, it is always advisable, in cases wl\«cft ^.o."^ 
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doubt exists, to submit it to microsoopical examination; 
since orcstsionally we meet with fluids containing a large 
quantity of epithelium and other products, which, in 
ap]>carance, closely resemble pus, though difFering entirely 
in composition from that substance^ and containing no 
trace of the characteristic pus-corpuscles (678). The form 
of the corpuscles is found to vary considerably under 
certain pathological conditions ; but there may generally 
\)e traced sufficient resemblance to the normal corpuscles 
to enable us to distinguish them from other matters. 
The modes of distinguishing between pus and mucus, 
have been already noticed in paragraphs 248, &c. 

681a. Blue Pus. — In certain rare cases, the bandages 
upon which pus has been discharged assume a blue 
color. By treating them with water, and agitating the 
aqueous solution with chloroform, Fordos has extracted 
a blue ciTstalline coloring matter, which he calls pyocy- 
anin. It is soluble in water, alcohol^ and ether; its 
color is changed to red by acids, but the blue is restored 
bv alkalies. 

SECTION n. 

QuaTdUaiive Analysis of Pus. 

682. The quantitative analysis of pus may be made in 
the following manner : Two portions of the fluid are to 
be weighed out ; the first. A, in a small counterpoised 
flask ; and the second, B, in a counterpoised or weighed 
evaporating dish. 

683. Treaimemi of the portion A. — ^The portion A, afi^er 
being weighed in a flask, is to be boiled with successive 
small quantities of strong or absolute alcohol, which 
must be separated while hot, either by filtration or 
decantation, from the insoluble portion. The alcoholic 
solution is then set aside to cool, and allowed to stand 
a few hours, in order that the fat may, for the most part, 
crystallize out. The cold alcoholic liquid is then poured 
off, and the solid matter dried and weighed ; when the 
weight thus obtained will represent the amount of FAT 
in the quantity of pus employed in the experiment. 

684. The cold alcoholic liquid (683) is now to be 
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evaporated to dryness, on the water-bath, in a counter- 
poised platinum capsule, and the dry residue, after being 
weighed, is incinerated. The weight of the ash is then 
ascertained, when the difference between the weight 
before and after incineration will represent the quantity 
of EXTRACTIVE MATTER (together with traces of fat 
which had not separated from the cold alcohol), in the 
portion of pus employed. 

685. The residue which proved insoluble in the boil- 
ing alcohol (683), is to be dried on a water-bath, and 
then boiled with a little water, which will dissolve out 
the pyin, and at the same time cause . the coagulation of 
the albumen. The aqueous solution thus obtained is to 
be separated from the insoluble portion j evaporated to 
dryness in a platinum capsule on a water-bath ; and the 
weight of the dry residue having been noted, it is to be 
incinerated. The difference between the weight of the 
dry residue previous to incineration, and that of the in- 
organic ash, represents the amount of pyin in the por- 
tion of pus used in the experiment. 

686. The matter which remained insoluble in the hot 
water (685) is now to be dried and weighed. The dry 
residue is incinerated ; and the loss of weight which it 
experiences during incineration will show the amount of 
ALBUMEN AND CORPUSCLES in the quantity of pus ope- 
rated on. 

687. treatment of the portion B, — The weight of this 
portion having been noted, it is to be evaporated to dry- 
ness on a chloride of calcium bath, at a temperature of 
about 220°, the heat being continued until it ceases to 
lose weight on being weighed at intervals of half an 
hour or an hour. The loss of weight during the evapo- 
ration will then represent the proportion of water in 
the quantity of pus employed ; while the weight of the 
dry residue shows the amount of solid matter. 

688. The dry residue is now to be incinerated in a 
platinum capsule or crucible, until the ash becomes white 
or pale gray. The weight of the ash will then show the 
amount of inorganic saline matter in the quantity of 
pus used in the experiment. 

689. The proportion of the several coxvat\\we:v\\s^ q.q\\- 
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taincMl in 1000 parts of pus, may then be estimated from 
the luiinbors obtained in the above experiments^ by the 
following Ciilculation : 



I 



Wt. of pill* 
UM*d in thfl 



f Wt. of each ) 



( Proportion of tlwt] 



n I : J constituent \ : : 1000 : } oo'nstituent in [ 
I experiment. J ( obtained. J ( 1000 parts of pus. j 

690. From the analvfrts of Dr. Wright, the composi- 
tion of pus appears to be as follows : 

Pus from a 
mammftrj 

abscess. 

879 4 

26.5 



88.6 
8.9 



1.6 





Pusfh>m 


Pus from a 




a vomica. 


iMoas 
anscess. 


Wntor, 


894.4 


885.2 


Fatty matter, 


17.51 
6.4/ 


28 8 


ChoUwterin, . . . . 




Mucus, .... 


11.2 


6.1 


Album(>n, 


68.5 


63.7 


Latrtatog, carbonates, and ^ 






phosphatosof soda, pot- > 


9.7 


18.5 


asbjund lime, J 






Iron, .... 


. a trace. 




,A.J\/D0| • • • • 


8.8 


2.7 



CHAPTER IX. 



BOHE. 



1000.0 1000.0 1000.0 



SECTION I. 

OenercU Characters of Bone. 

691. The color, texture, specific gravity and general 
characters of bone, differ very much in different parts of 
the body ; and the proportions of the several chemical 
ingredients are also found to vary considerably. The 
two principal constituents of bone are cartilage^ and 



1 Called ossHne by Fr6my, wbo states tbat it contains the same 
proportions of carbon, hydrogen, nitrogen, and oxygen as gelatin, 
into which it is convertible with a facility which isinversely as the 
age of the animal. 
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phosphate of lime (SCaOyPOg); the proportion of the 
former being usually about 29 to 34 per cent., and that 
of the latter from 50 to 60 per cent, of the entire bone. 
The other substances, which are present in smaller quan- 
tity, are, carbonate of lime (CaO,C02); phosphate of 
magnesia (SMgOjPOg) ; fluoride of calcium (CaF) ; solu- 
ble soda salts, chiefly chloride of sodium; traces of the 
oxides of iron and manganese; and fat; which latter, 
however, does not belong strictly to the bone, but to the 
marrow contained in it. The presence of these several 
substances may be demonstrated by the following experi- 
ments. 

692. The cartilaginous matter of bone may be obtained 
almost entirely free from the saline and other ingredients, 
by digesting a bone for a day or two, at a temperature 
not higher than about 50^, in dilute hydrochloric acid, 
composed of about one part of the strong acid and five 
parts of water. The earthy and saline matters gradually 
dissolve in the acid, leaving the cartilage unafiected, and 
still retaining the exact form of the bone. In this state 
it is soft and elastic; becoming, when dried, hard, some- 
what brittle, and horny in appearance. 

693. If the c«irtilage be boiled for some time in water, 
it will almost wholly dissolve, being converted into gela- 
tin (the glutin of some writers), leaving undissolved 
nothing more than a delicate network of vessels. The 
aqueous solution thus obtained becomes, unless very 
dilute, gelatinous on cooling. 

694. The fat may be separated by boiling a few frag- 
ments of crushed bone with ether, and evaporating the 
ethereal solution; when the fat will be left behind as a 
residue. 

695. The phosphate of lime and phosphate of magnesia 
may be isolated by dissolving a fragment of calcined 
bone^ in dilute hydrochloric acid, and supersaturating 
the acid solution with ammonia ; which will throw down 
a white gelatinous precipitate of the mixed earthy phos- 
phates. If this precipitate be examined under the micro- 

* A large piece of bone may be burnt in a clear fire till perfectly 
white. 
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scope, it will be found to be chiefly composed of amor- 
phous particles of ])hosphate of lime, Diix^ with a small 
quantity of the crystalline double phosphate of ammouia 
and magnesia (2MgO,NH40,P05+12Aq), showing tbe 
pri>s(*nee of phosphate of magnesia. 

696. The j>resence of carbonic acid (carbonate of lime) 
may Ik^ proved by the eflervescence which ensues when 
a fragment of uncalcined bone is moistened with dilate 
hydnK'liloric acid. If the solution, filtered from the pre- 
cipitate of earthy phosphates (695), be tested with oxalate 
of ammonia, it will be found still to contain a consider- 
able amount of lime, which existed in the bone as carbo- 
nate; since that portion only of the lime was precipitated 
by the ammonia, which was in combination with phos- 
phoric acid. 

697. If calcined bone, reduced to powder, be boiled 
for some little time in a test-tube or glass flask, with a 
little rather dilute sulphuric acid, consisting of about 
equal parts of the strong acid and water, the inner sur- 
face of the glass will generally be found to be slightly 
corroded, owing to the disengagement of hydrofluoric 
acid (HF) by the action of the sulphuric acid on the 
fluoride of calcium. CaF+J5r0,S'03=CaO,SO3+HF. 
This substance, however, does not appear to be invari- 
ably present in bone, and some observers have been un- 
able to detect it. 

698. The presence of chloride of sodium may be shown 
by boiling a little calcined bone reduced to powder with 
water, filtering from the insoluble earthy portion, and 
testing a few drops of the aqueous solution with nitrate 
of silver, which will give an abundant precipitate of the 
chloride ( AgCl). By concentrating the rest of the solu- 
tion to a small bulk and testing it on platinum wire in 
the blowpipe flame, a yellow color will appear, showing 
the presence of soda. 

699. A little sulphate of soda may also be detected, 
by means of chloride of barium, in the soluble portion 
of calcined bone, though no trace of sulphuric acid is to 
be found in it previous to calcination ; being produced, 
during ignition, by the oxidation of the sulphur con- 
tained in the tissues. 
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SECTION n. 

Quantitative Analysis of Bone. 

700. About three hundred grains of the bone intended 
for analysis should be first cleaned from adhering fat, 
periosteum, and other impurities, and then reduced to 
tolerably small fragments either by crushing or rasping. 

701 . Treatment of ike First Portion, — One hundred grains 
of the bone are to be dried in a counterpoised platinum 
capsule or crucible, on a chloride of calcium bath, at a 
temperature of about 250°, until it ceases to lose weight 
on being weighed at intervals of half an hour or an hour. 
The loss of weight which it experiences during desicca- 
tion represents the percentage of water. 

'702. The dry mass is now to be incinerated in the 
capsule at a low red heat, until the whole of the organic 
matter is burnt away, and the ash becomes throughout 
perfectly white. The weight of this ash gives the per- 
centage of INORGANIC MATTER contained in the bone ; 
while the loss during incineration represents the per- 
centage of ORGANIC MATTER. The inorganic residue 
may then be digested in dilute hydrochloric acid, and 
retained for subsequent examination (706). 

703. Treatment of the Second Portion. — A second por- 
tion of the crushed or rasped bone, weighing one hundred 
grains, is to be digested for a day or two, in cold dilute 
hydrochloric acid, containing one part of the strong acid 
to five or six of water ; the whole being kept at a tem- 
perature not higher than about 50°, as otherwise some 
traces of the animal matter of the bone would be acted 
upon by the acid. The whole, or at least by far the 
greater portion of the inorganic matter is thus dissolvcil, 
and when the acid liquid has been well washed out of 
the insoluble residue by means of cold water, little will 
remain but the cartilaginous matter of the bone. 

704. The cartilaginous residue is to be dried on a 
water-bath, and then boiled with a little ether, which 
most be poured ofi^, and renewed, if necessary, until all 
the &t is dissolved. The ethereal solution if^ then evaiK>- 
rated to dryness in a counterpoised capsule on a water- 

22 
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l>a:h : when the weight of residae will give the percentage 
• •t" KAT in the Iwoe. 

7i >•>. The matter which proved insoluble in the etha 
.7»»4-. nuL-iisting chiefly of cartilage, with traces of 
in'^rjanio matter, i? now to be dried on a chloride of 
calt.'iuiu l.iath. at a tempefature of about 250°, weighed 
an<l iiit.'ineniteJ. The diflerenoe between the weight of 
the dry residue before and after incineration, will then 
D.-fir^.t^'.'nt the {len.'entage of cartilage in the bone. 

7*y>. The a:^h lett atler the incineration of the first 
hinulnii ^rrain^ of b«>ne 1 702), is now to be dissolved in 
m'"Krti:»-ly ililute hydrochloric acid; a gentle heat being 
applit-*! it' ne«\:'ssary. The acid solution is then slightly 
^u^H.-rxiturattt.l with ammonia, which will throw down the 
|*h'>^(i[i:itt.' *A lime, tti^^^ther with the small quantity of 
{th'.*<|4ut«.* of magnesia and fluoride of calcium ; as well 
a:^ any tnvAS i.if i^en^xide of iron and oxide of manganese 
that may W- pr^'^ent. The precipitate is to be well washed, 
rilcert'il. lirit,-*.!. and ignited; after which its weight will 
rejirtst-nt the amount of Bijne EARTH, consisting of PHOS- 
PHATE «iF LIME with PHOSPHATE OF MAGNESIA, and 

FLi't »p.ir»K I *F ( -ALCirM. iu ouc hundred parts of the bone. 
7».»7. If it i-i re»|uin.Hl to determine separately the pro- 
p^^rtion t>f |>htjcipliate of magnesia, the ignited precipitate 
1 7«.'»3 ■, after beinoj weighed, is to be redissolved in dilute 
hydroohlorio acid : the acid solution is then mixed with 
an exi^escr of perehloride of iron (Fe^Ct^)^ and supersatu- 
niteil with ammonia. The phosphoric acid of the earthy 
phosphates is thas precipitated in combination with per- 
oxide of iron, ti.>geiher with any excess of uncombined 
peroxide of iron, leaving in solution the chlorides of 
oaloium and mairnosium.^ The lime (chloride of calcium) 
is first precipitated by adding oxalate of ammonia (AH4 
CkCA^"^ as lonir as it ciiuses a precipitate, boiling the 
mixture, and tilterinvr. The filtered solution is then 
coneentrateil by evaporation, and the magnesia thrown 
down by adding phosphate of soda 1 2 AaO,£rO,PO,) and 
a decided excess of ammonia. The mixture is allowed 
to stand for some hours, atler which the precipitated 

• 

1 The priK'efiis dos^Tibod 111 paragrnplis 08-71 will give more exact 
results. 
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double phosphate of ammonia and magnesia (2MgO,NH4 
0,P05H-12Aq) is to be filtered, dried, and ignited, by 
which it is converted into phosphate of magnesia (2Mg 
0,P05), and weighed. This weight will represent the 
amount of phosphate of magnesia in the 100 grains of 
bone; which, when deducted from the whole earthy 
phosphates (706), will give the percentage of phosphate 

OF LIME. 

707a. General Method of determining Phosphoric Aeid. 
— Since phosphoric acid is a constant component of the 
inorganic parts of the solids and fluids of the body, it is 
necessary to be able to determine it directly in all cases. 
The opportunity may be taken of applying the following 
process (Chancel) to the determination of phosphoric acid 
in bone. Ten grains of the bone-ash are dissolved in 
nitric acid with the aid of heat. The solution is diluted 
and a little nitrate of baryta added, to remove sulphuric 
acid ; nitrate of silver is then added, without previous 
filtration, to precipitate the chlorine. The filtered solu- 
tion is treated with sulphuretted hydrogen, and the 
liquid filtered from the sulphide of silver is heated until 
no more sulphuretted hydrogen is perceptible. A solu- 
tion of nitrate of bismuth (BiOgjSNOg) is then added, and 
the precipitate of phosphate of bismuth (BiOs,?©^) is 
collected upon a filter, washed with boiling water, ig- 
nited in a porcelain crucible (the filter being burnt sepa- 
rately) and weighed. The following proportion then 
gives the phosphoric acid : 

Ate. wt. of Ate. wt. of 

phosphate of phosphoric 

bismuth. acid. 



305 : 71 : : Weight of precipitate : x 

708. The solution filtered from the precipitate of 
earthy phosphates (706), containing the portion of lime 
which existed in the bone as carbonate, is now to be 
treated with oxalate of ammonia as long as any precipi- 
tate is produced. The whole of the lime is thus separated 
as oxalate (CaO,C203+2Aq), which, after boiling the mix- 
ture, is filtered, dried, and ignited.^ The oxalate is con- 

^ See paragraph 69. 
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vortetl during the ignition into carbonate (CaO,(X),), so 
that the weight of the ignited precipitate will represent 
the amount of CARBONATE OF lime in the hundred grains 
of lK)ne. 

709. As a check upon the estimation of the carbonate 
of lime, the amount of carbonic acid in the bone maybe 

determined by placing 100 grains of the 
Fifi. 75. unburnt bone in fine powder^ in a flask 

a, provided with a aesiccating-tube 6, 
containing fragments of chloride of cal- 
cium (Fig. 75). A test-tube (c) contain- 
ing hydrochloric acid is then placed in 
. the flask, and the whole apparatus is 
weighed ; after which the acid is allowed 
to flow gradually upon the 2>owder, from 
which it will expel the carbonic acid. 
The amount of the latter which, being gaseous, escapes 
in a dry state through the chloride of calcium tube rf, is 
then n»i)reseiit(Hl by the loss of weight which the appa- 
ratus with its (»ontents exi)erience8 during the experi- 
ment (337). It will probably be found that the carbonic 
a(;id tnus determined, bears to the carbonate of lime 
(708) the proportion of 22 to 50, those being the atomic 
weights of carbonic acid and carbonate of lime respec- 
tively.^ 

710. The solution filtered from the oxalate of lime 
(708), which contains the soluble salts (chiefly chloride 
of sodium), together with the excess of oxalate of am- 
monia employed to precipitate the lime, is now to be 
evaporated to dryness, and the residue ignited in order 
to expel the ammoniacal salts. The weight of the resi- 
due, after ignition, will then represent the percentage of 

SOLUBLE SALINE MATTER. 

711. The following analyses will serve to illustrate the 
percentage composition of bone both of man and some of 
the lower animals. 



^ To obtain an exact result by this process, the flask should be 
furnished with a narrow tube c, dipping into the liquid, kept closed 
during the evolution of gas ; at the conclusion of the experiment the 
tube should be opened and air slowly sucked through the drying- 
tube b as long as the weight of the apparatus diminishes. 
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Analysis 1. (Von Bibra.) 

Showing the Composition of the Bones of a Child two months old. 

Tibia. UlDa. 

Phosphate of lime, with a little fluoride 1 c- c>i c/? oc 

of calcium, . . . . . | 5/.64 66.36 

Carbonate of lime, . 

Phosphate of magnesia, . 

^luble salts, . 

Cartilage,^ 

Fat, .... 



6.02 6 07 

1.08 1.00 

0.73 166 

33.86 34.92 

0.82 1.01 



Analysis II. (Von Bibra.) 
Composition of the Bones of a Middle-aged Man, 

Femur. Tibia. Humerus. Costa. 
Phosphate of lime, ] 

with a little fluo- I 69.63 68.96 69.87 66.66 
ride of calcium, j 

Carbonate of lime, . 7.88 708 7.76 6.64 

Phosphate of magnesia, 1.82 1.80 1.09 1.07 

Soluble salts, . . 0.69 0.70 0.72 0.62 

Cartilage, . . . 29.70 30.42 29.28 83.97 

Fat, .... 1.33 1.65 1.28 204 

Analysis III. (Bkrzelius.) 

Composition of Human Bone. 

Phosphate of lime, 51.04 

Fluoride of calcium, 2.00 

Carbonate of lime, 11.30 

Phosphate of magnesia, 1.16 

Soda, with a little chloride of sodium, . . 1.20 

Cartilage, 32.17 

Vessels, 1.18 

Analysis IV. (Von Bibra.) 
Composition of the Bones of the Lower Anhnals. 

Femur of Femur of Femur of Humerus of 

sheep aged bull aged horse aged cat aged 





4 years. 


4 years. 


6 years. 


6 years. 


Phosphate of lime, " 










with a little fluo- > 


66.94 


64 07 


64.37 


69.30 


ride of calcium. 










Carbonate of lime, . 


12.18 


12.71 


12.00 


10.69 


Phosphate of mag- 1 
nesia, . . / 


1.00 


1.42 


1.83 


1.70 


Soluble salts, 


0.50 


0.80 


0.70 


0.40 


Cartilage, . 


29 68 


29 09 


27.99 


27.21 


JD ab, ■ . . • 


0.70 


1.91 


3.11 


0.70 



^ According to Fr6my, the percentage composition of this por- 
tion of bone is : 

Carbon, 49.21 

Hydrogen, 6.60 

Nitrogen, 17.86 

Oxygen, 26.14 
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MORBID BONB. 



Phosphate of lime, 
with a little fluo- 
ride of calcium I 

CarlK)nato of lime, 

PhoHphate of mag- 
nesia, 

Soluble salts. 

Cartilage, . 

Fat, . 



Vertebrse 
of dolphin. 



Humeros Vertebrae Vertebne 
of thrash, of snake. ofaalmoiL 



} 



6261 62.65 69.41 



9.87 

0.98 

1.24 
33.97 



6.06 
0.90 

0.84 

28 02 

1.64 



7.82 

i.oo 

0.78 

24.98 

6.11 



86.64 

1.01 

0.70 

083 
21.80 
88.82 



SECTION III. 
Morbid Bone. 

712. Certain diseases are found to be always accom- 
panied by remarkable changes in the chemical composi- 
tion of the bones ; the earthy matters being sometimes 
so deficient tliat tliey no longer passess the rigidity and 
strength necessary for sustaining the weight of the body. 
Other variations also are occasionally met with, a few 
examples of which are subjoined, the composition being 
calculated upon 100 parts. 

Analyses of the Tibia of three Bachitig Children. 



(Lehmann.) 



Phosphate of lime, . 

Carbonate of lime, . 

Phosphate of magnesia, 

Chloride of sodium, 

Soda, 

Cartilage, 

jd at, • • ■ • 



I. 

32.04 
4 01 
0.98 
0.21 
0.64 

64.14 
6.84 



II. 

26.94 
4.88 
0.81 
27 
0.81 

60.14 
6.22 



III. 

28.18 
8.75 
87 
28 
0.73 

68.77 
6.94 



Analyses of Bone in Osteomalacia. (Prosgh.) 

^Tertehrft. CoAt&. 

Phosphate of lime, 13 26 88.66 

Carbonate of lime, 6.96 4.60 

Sulphate of lime and phosphate of soda, 0.90 0.40 

Cartilage, 74.64 49.77 

Fat, 6.26 11.63 



Analyses of Carious Bone. (Valentin.) 

Vertebrse of a 
man aged 20. 

Phosphate of lime, 83.914 

Carbonate of lime. 



Phosphate of magnesia, 
Chloride of sodium. 
Carbonate of soda, . 
Organic constituents, 



7.602 
0.389 
3 157) 
0.118/ 
64.830 



34.383 
6.636 
1.182 

1.919 

65.880 
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Analysis of Necrotic Bone of a Middlb-aoed Man. (Von 

BiBRA.) 

Phosphate of lime with a little fluoride of calcium, . 72.63 

Carbonate of lime, . . 4.03 

Phosphate of magnesia, 193 

Soluble salts, 0.61 

Cartilage, 19.58 

Fat, 1.22 



CHAPTER X. 

EXAMINATION OF MIXED ANIMAL FLUIDS. 

713. On account of the great number and variety of 
organic substances which may enter into the composition 
of such a mixture as we are now considering, it is alto- 
gether impossible to lay down any general and consecu- 
tive scheme of experiments which shall comprise all 
even of the more commonly occurring organic com- 
pounds. All that I shall attempt, therefore, in the 
present chapter, is to describe very briefly the methods 
of detecting the presence of a few of the substances which 
are most frequently met with in organic liquids, and which 
are of the most practical importance to the pathologist 
and the physician. 

714. The color, consistence, and general appearance of 
the fluid should be first carefully observed, as the pres- 
ence of many substances, such as blood, mucus, fat, fibre, 
&c., may often be readily detected, even with the naked 
eye. Should any solid or semi-solid matter be held in 
suspension in the liquid, or be found as a sediment at 
the bottom, it should be separated, either by decantation, 
or by filtering through fine muslin or paper. 

715. The matters thus separated from the fluid may 
be reserved for examination under the microscope, and 
also, if necessary, with other tests. The following sub- 
stances, among others, may in this way be readily de- 
tected : muscular fibre and other organized tissues ; epi- 
thelium (328); mucus- and pus-granules (329); fat- and 
milk-globuIes (325, 632, 633); infusoria of several kinds; 
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besides various amorphous and crystalline substances, 
many of which may at once be recognized by their pecu- 
liar form and appearance (316-332, &c.). 

716. The liquid may first be tested with litmus and 
turmeric i>aper, since the behavior of several of the sub- 
stances alxnit to be noticed, with reagents, will be found 
to var}' according as the liquid containing them is acid, 
alkaline, or neutral. 

717. The 8i)ecific gravity may also be ascertained, 
when it can (conveniently be done, as a knowledge of the 
density of the fluid will serve to furnish some indication 
of the amount of solid matter held in solution (279). 

Filyi*in, 

718. When fibrin, in the soluble state, is contained in 
a liquid, it gradually undergoes spontaneous coagulation, 
and separates from the solution, forming a more or less 
firm coagulum or jelly: and if other matters are held in 
susjwnsion in the liquid previous to the coagulation, they 
are usually entangled in it — ^a familiar instance of wbicn 
is afforded by the coagulation of blood (473). The more 
important peculiarities of fibrin have already been noticed 
in paragraphs 472 to 481. 

Albumen. 

719. When albumen is suspected to be present in so- 
lution, the clear liquid is to be gently boiled for a few 
minutes; if coagulation takes place, and if the precipitate 
thus occasioned does not disappear on the addition of a 
few drops of nitric acid, albumen is present. If the mix- 
ture is alkaline, it should be neutralized with nitric acid 
previous to boiling, since any excess of alkali would tend 
to retain the albumen in solution, and thus prevent the 
coagulation. For further j)articulars respecting albu- 
men, and its behavior with reagents, see paragraphs 133, 
235, 466, &c. 

Casein. 

720. Casein may be recognized by its forming a white 
curdy precipitate, when the solution containing it is neu- 
tralized or very slightly supersaturated with acetic acid. 
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It redissolves, however, if the acid be added in decided 
excess. If the liquid is slightly acid to test-paper, casein 
hardly need be looked for, since it is not soluble in acid 
solutions, unless the acid is present in considerable excess. 
It may be distinguished from albumen by not coagu- 
lating when heat^ ; it forms, however, a thin, insoluble 
pellicle on the surface when exposed to the air while hot 
—of which a familiar example is afforded in the skin of 
boiled milk. If casein be dissolved in acetic or any other 
acid, it is precipitated on the addition of ferrocyanide of 
potassium, thus resembling the other modifications of 
protein (625). 

Pyin. 

721. This substance, which appears to be identical 
with the so-called tritoxide of protein,^ and is conse- 
quently closely allied to the other protein compounds 
(472), may be recognized by its throwing down a precipi- 
tate with acetic acid, which does not redissolve in an 
excess of the acid. A solution of alum also causes a 
white precipitate, insoluble in excess ; in which respect 
pyin differs from glutin and chondrin (725, 726). Unlike 
most of the protein compounds, it is not precipitated by 
ferrocyanide of potassium. 

Pus. 

722. When pyin has been detected in a liquid, it is 
not improbable that, on examination with the microscope, 
the peculiar pus granules (678) will also be found to be 
present, since pyin is one of the characteristic constituents 
of the fluid portion of pus (676). The principal charac- 
ters of this substance, together with the modes of its 
detection, have been already described in paragraphs 153, 
247, 674, &c. 

Mucus. 

723. If much mucus is present, it gives to the mixture 
a more or less tenacious and ropy consistence, which is 
very characteristic. Under the microscope the peculiar 

, ^ This name is conferred by Mulder upon the soluble substance 
ohtained by boiling any of the protein compounds for several hours 
with water. 

23 
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miiciis-coq)iisolcs, as well as the fragments of epitheliam 
which usually accompany them, will also probably be 
apparent (Fig. 5) ; and these, in conjunction with the 
n)pine8s al>ove alluded to, are generally sufficient evi- 
dence of the existence of mucus. When present only 
in minute (quantity, and especially when mixed with pas, 
it is often extremely difficult, if not impossible, to iden- 
tify it with any decree of certainty. (See also paragraphs 
31", 99, 210, 660, &c.) 

Gdaiin ; Chondrin. 

724. These substances, which are formed by boiling 
the ('art ilaji^i nous tissues in water, closely resemble each 
other in many respects ; and their hot aqueous solutions 
l)(H3()ni(» gelatinous on cooling. Glue, isinglass, and the 
s(ivenil varieties of gelatin, met with in commerce, are 
all nuxlifiaitions of these principles. Both gelatin and 
chondrin are immediately precipitated, even in very 
dilute solutions, by a solution of tannin. They are not 
precipitated by ferrocyanide of potassium; in which 
res{)ect they differ from the protein compounds. They 
are thrown down from their strong solutions by alcohol, 
in the form of a white tenacious precipitate, and creasote 
causes their solutions to become turbid and gelatinoas. 

725. Gelatin, which is obtained by boiling in water 
for some hours the cartilage of bone, the tendons, skin, 
&c., is characterized by giving with acetic acid a very 
slight precipitate, which readily redissolves in an excess 
of the acid. A solution of alum gives with gelatin no 
precij)itate; or if a slight opalescence is occasioned, it 
disappears on the addition of a further quantity of the 
precipitant. 

726. Chondririy on the other hand, which is formed by 
boiling in water any of the permanent cartilages, as those 
of the larynx, ribs, &c., is immediately precipitated by 
acetic acid, and an excxjss of the acid does not redissolve 
it. Alum, too, causes a precipitate, which, however, 
readily dissolves when the salt is added in excess. The 
solubility of chondrin in a solution of alum serves to 
distinguish it from pyin (721). 
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Blood. 

727. The color which it imparts to any liquid with 
which it is mixed, is usually almost sufficient evidence 
of the presence of blood, unless the quantity is very 
small. The red corpuscles may also, in most cases, be 
detected under the microscope, more or less altered in 
form and size by the action of the fluid in which they 
float (456, 583). When blood is present, albumen also 
will be found dissolved in the liquid, unless it has been 
previously coagulated by heat or otherwise ; it may be 
detected by the application of heat, and nitric acid, in 
the manner described in paragraphs 235, 236, &c. 

Biliary Matter. 

728. Biliary matter, if present in any considerable 
quantity, generally communicates a more or less decided 
brown or yellowish color to the liquid, and also a pecu- 
liar bitter taste. It may be identified by means of 
Heller's and Pettenkofer's tests, described in paragraphs 
149 and 151. If these fail to detect it in the fluid, a 
little of the latter may be evaporated nearly to dryness 
on a water-bath, and a strong aqueous solution of the 
residue tested as before. 

Urea. 

729. This substance may be detected in organic liquids 
in the following manner : The portion of the organic 
mixture intended for the examination, is evaporated to 
dryness at a gentle heat on a water-bath, and the dry 
residue treated with alcohol, which will dissolve out any 
urea that might be present, together, probably, with some 
other of the matters with which it is associated. The 
alcoholic solution is then evaporated to dryness, and the 
dry extract digested with a very small quantity of mode- 
rately warm water; which will readily dissolve out the 
urea. The aqueous solution thus obtained is then mixed, 
after filtering, with pure nitric acid, in the manner de- 
scribed in paragraph 16, and then cooled by means of a 
freezing mixture ; when, if urea is present, delicate crys- 
tals of the nitrate (Fig. 2) will gradually appear.^ When 

^ Urea may be detected in this manner, in blood, chyle, and 
lymph, as well as in urine. 
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tluMjiiantity of urea is vei^'^small, the microscope may be 
einnloywl to detect any traces of the crystalline nitrate, 
an(i some other precautions must be obser\'ed, which 
have l)een described in paragraphs 181, 184,341, &c. 

Oreaiin, 

72\)a, For the detection of creatin in an organicmix- 
turc», the soh'd ])ortion should be divided as finely as pos- 
sible, the whole dried ujwn the water-bath, and digested 
with hot alcohol. The alcoholic solution having been 
presscnl out, is evaporated to dryness on the water-bath, 
the residue treated with water, the solution precipitated 
by acetate of l(^d (not added in excess) and filtered. The 
filtrate is satunited with sulphuretted hydrogen, to pre- 
cipitate the lead, and the solution separated from the 
sulj)hi(le of lead is evaporated to a syrup and set aside 
for some days, when creatin will crystallize out and 
may be recognized by the characters described above, 
espiK'ially by converting it into creatinin and obtaining 
the crystalline precipitate with chloride of zinc. 

Inosite, 

7296. The presence of inosite may be ascertained (in 
an aqueous infusion of bullock's lung, for example), by 
acidulating with acetic acid, coagulating the albumen by 
heat, and precipitating the filtered liquid with acetate of 
lead. The filtrate from this precipitate is mixed with 
tribasic acetate of lead, which will throw down any ino- 
site if present. The precipitate is suspended in water, 
decomposed by sulphuretted hydrogen, the liquid filtered 
from the sulphide of lead, evaporated to a very small 
bulk, mixed with four volumes of boiling alcohol, filtered 
if necessary, and set aside for twenty-four hours. If no 
crystals of inasite have then been deposited, ether is 
added by degrees until a permanent milkiness is pro- 
duced on agitation. The liquid is again set aside, when 
inosite will crystallize out, and may be identified by 
treating it with ammonia and chloride of calcium, and 
slowly evaporating to dryness, when a rose color will be 
produced. 
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Fat. 

730. When any considerable amount of fatty matter 
is present in an aqueous mixture, it may be readily de- 
tected with the naked eye, and still more delicately under 
the microscope, by the appearance of oily or fatty glob- 
ules floating on the surface. When, however, the quan-" 
tity is very small, or, owing to other circumstances, no 
appearance of fat is to be seen, a little of the mixture 
suspected to contain it, is to be evaporated nearly to dry- 
ness on a water-bath, and the residue digested with a lit- 
tle warm ether, which will readily dissolve any traces of 
fatty matter that may be present. On evaporating the 
ethereal solution on a water-bath, the oil or fat will be 
left as a residue, and may be identified by its possessing 
the well-known physical characters of fatty matters (158). 

731. The saponifiable fats most commonly met with 
in animal fluids are, olein (Cn^Hio^Oig), stearin (Ch^Hj^q 
O12), margarin (CiogHiQ^Oig), and butyrin. The degree 
of hardness or of oiliness, and the temperature to which 
the fatty matter requires to be raised before it melts, 
serve to fiirnish some indication as to the relative amounts 
of the solid stearin and the oily olein. Butyrin may 
generally be detected by the peculiar smell which it 
gradually acquires, resembling that of rancid butter. 

Cholesterin and Serolin. 

« 

732. If either of these substances are present, they 
will have been dissolved by the ether (730), together with 
any other fatty matters that may be contained in the 
liquid. They may be separated from the other fats by 
digestion with a solution of potash, which will dissolve 
out the saponifiable fats, and leave the cholesterin and 
serolin unaffected (596). These may be distinguished 
from each other by their different fusing-points, that of 
cholesterin being 293°, while that of serolin is as low 
as97^ 

Milk. 

733. The well-known physical characters of milk are 
generally sufficiently apparent to lead to its detection, 
unless largely diluted with other matters. N^Ww ^\v^ 
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(Ifiiiht exists iis to its presence, a drop of the liquid may 
hv cxaniiiKtl iiiuUt the microscope for the milk-globules 
(^H:>*J); aiul the clear liquid^ after filtration, maj be 
testiil \Yith atvtic acid for casein (623) ; the existence d 
whicli, in any fluid, is strong evidence of the presence of 
milk. The residue left by evaporating the liquid to 
dryni*ss, may be ti»sted for fat sdso, by digestion with 
warm ether, and evajwrnting the ethereal solution on a 
watrr-lKith (I'M). 

Sugar. 

7.U. The must convenient test for the presence of 
^\\\ri\v is that known as Trommer's, which has already 
Ihvu fully dt^serilxHl in paragraphs 122 to 124. Maa- 
menrV (125), and the fermentation test (128), may also, 
in niauy eas(»s, l)e employetl with advantage ; and, indeed, 
it is always more satisfactory to confirm the results of 
Trominer's exjH»riment, by applying also the fermenta- 
tion test ; sini-ethe suboxide of copi>er may be sometimes 
produced by certain other organic substances, even when 
no sujjjar is j)resent. If the sugar is present only in very 
minute <|uautity, it may be advisjible to evajwrate the 
li(|uid to dryntvs on a water-bath, and redissolve the 
sohible portion of the residue, including the sugar, in a 
small (juantity of hot water, in the manner described in 
the j)nK»t»ss for detwting sugar in the blood (606). The 
strong aqueous solution may then be examined by Trom- 
mcr's, Maumen6's, and the other tests. 

73/3. When cane-sugar is suspected to be j)resent, the 
solution should first be boiled for a few minutes with 
dilute sulphuric acid before the application of Trommer's 
test, in order to convert it into grape-sugar ; since the 
cane variety does not otherwise produce the same char- 
acteristic results. 

Ammonia, 

736. This substance, which is so constantly to be met 
with in animal fluids, as one of the results of the decom- 
position of nitrogenous comi)oun(ls, may be readily 
detected, even when present in very small quantiti(»s. 
A portion of the liquid is mixed in a test-tube \vith a 
little caustic potash, or, still better, with caustic baryta 
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(note to 38), and warmed. The ammonia, if present, is 
thus disengaged, and may be detected by the smell, or, 
still more delicately, by holding at the mouth of the 
tube a, glass rod moistened with dilute hydrochloric acid, 
when white fumes of chloride of ammonium will be dis- 
tinctly visible. 

737. If the ammonia is present only in minute quan- 
tity, a little of the suspected liquid may be mixed with 
a few drops of dilute sulphuric acid, in order to fix the 
ammonia, and then concentrated by evaporation at a 
gentle heat on a water-bath; the concentrated liquid 
may then be supersaturated with potash or baryta, and 
examined in the manner above described. 

C/i'ic {or Lithic) Acid, 

738. When an organic mixture is suspected to con- 
tain uric acid, it may, if free from albuminous matter, be 
acidified with a few drops of hydrochloric acid, and 
allowed to stand a short time. The uric acid will gradu- 
ally separate in the form of minute crystals (20), which 
may be examined under the microscope, and also tested 
with nitric acid and ammonia, in the manner described 
in paragraph 23. If any albuminous matter is mixed 
with the liquid, the latter is to be evaporated to dryness 
on a water-bath, and the residue digested with a dilute 
solution of caustic potash. The alkaline solution is then 
supersaturated with a decided excess of hydrochloric 
acid, which will throw down the uric acid in the form of 
a crystalline precipitate. If the quantity is small, a drop 
of the liquid may be mixed with the acid on a strip of 
glass, and examined for the characteristic crystals under 
the microscope (318). 

738a. Another process, which is sometimes more con- 
venient than the above, consists in mixing the solution 
with acetate of lead as long as it yields a fresh precipi- 
tate, filtering, and adding tribasic acetate of lead. On 
standing, urate of lead will be precipitated, which must 
be washed, suspended in water, and decomposed by sul- 
phuretted hydrogen. The solution is boiled, filtered 
from the sulphide of lead, and evaporated to a small 
bulk. On cooling, crystals of uric acid are deposited. 
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7:\9. Tlic principal characters of uric acid^ and the 
methtMls of detecting and estimating it in the urine, have 
Ikhmi already noticed in the several chapters of Part I. 

SytttaiuUic Examination of Mixed Fluids for the ProximaU 

Coiistitaoits of Animal Bodies. 

Some of the proximate constituents of the solids and 
fluids of the body, such as fibrin and gelatin, are reoog- 
niziihle by their characteristic external appearance, bat 
the grwitor number give no indication of their existenoe 
unless sjKvially sought for, so that it is desirable to follow 
some systematic plan of examination in order that they 
may not be overlooked. The solid organs must he 
divided as minutely as possible, and digested for some 
time in tei)id water. 

The rwiction of the liquid to test-papers having been 
recorded, it is acidified, it necessary, with acetic acid, and 
ho^ited on a water-bath in order to coagulate aJbummy 
which is then filtered off. On allowing the hot filtrate 
to stand for some time, um acid will crystallize out as it 
cools. The solution is then very nearly neutralized with 
potash, and acetate of lead added, to precipitate sulphuric 
and phosphoric acids, as well as coloring and extractive 
matters ; the filtered liquid is mixed with an excess of 
tribasic acetate of lead. The precipitate, which may con- 
tain inositey is decomposed by sulphuretted hydrogen and 
the solution evaporated till a portion becomes perma- 
nently turbid when mixed with alcohol, the whole is then 
mixed with an equal volume of alcohol, heated till the 
turbidity disappears, and set aside for a day or two that 
the inosite may crystallize out. 

The filtrate from the precipitate produced by tribasic 
acetate of lead is now mixed with a slight excess of am- 
monia, and any precipitate is collected, decomposed by 
sulphuretted hydrogen, and the solution, after evapora- 
tion, examined for sugar. 

The liquid filtered from the precipitate produced by 
ammonia is treated with sulphuretted hydrogen, filtered 
from the sulphide of lead, evaporated to a small bulk 
upon the water-bath, and tested, with oxalic acid (14), 
for urea. 
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The solution is then evaporated to a syrup, and mixed 
with moderately strong alcohol to precipitate the oxalates 
of the alkalies. The alcohol is evaporated, the excess of 
oxalic acid removed by the careful addition of lime-water, 
and the filtered solution evaporated till an equal volume 
of absolute alcohol renders it permanently turbid. It is 
then mixed with alcohol and set aside for a day or two, 
when taurin will be deposited in crystals. 

The alcoholic solution is again evaporated on the water- 
bath, and if the residue is much colored, it may be 
dissolved in a little water and boiled with hydrated 
oxide of lead, the filtered solution being afterwards 
treated with hydrosulphuric acid to remove the lead, 
and evaporated to a syrup. On allowing this to stand 
for some time, creatin and leudn^ may crystallize out. 
They may be washed with cold absolute alcohol, and 
identified, the creatin by its convertibility into creatinin, 
and the leucin by the woolly sublimate which it furnishes 
when heated in a tube. The mother-liquor from these 
may contain creatinin^ recognizable by its behavior with 
chloride of zinc. 



1 Leucin (O12H13NO4) and tyrosin (CigHuNOg) have been detected 
in the spleen, pancreas, and liver, and the former also in the lungs, 
and both have been observed in the urine in disease. Tyrosin is 
identified by digesting it with sulphuric acid, diluting with water, 
heating the solution with carbonate of lime, filtering and adding 
perchloride of iron, which produces a violet color. Protonitrate 
of mercury gives a red precipitate and a pink liquid when added to 
a solution of tyrosin. 



PART V. 

TJIK DKTKCTION OF POISONS IN ORGANIC 

MIXTURES, ETC. 



CHAPTER I. 

ARSENIC. 

It is ini])()ssil)l(» to insist too strongly on the necessity 
for tlic juost carei'ul examination into the purity of all 
the substances eni])loyecl in the detection of poisons. Xo 
evidences with resj)ect to the presence of a poisonous 
substance can he repinled as perfccily conclusive, unless 
the reagents enij)loyc(l have been tested, m the same 
quantities, and by the same processes, as were employed 
in detticting the poison, without affording any indication 
of its pn^senee. 

Moreover, if any particular substance, though not a 
|)oison, be detected in the course of the examination, 
with all the bearings of which upon the tests employed 
the investigator is not perfectly familiar, the same series 
of operations should be (jonducted with that substanw, 
to ascertain whether it might lead to error. 

740. Although all, or nearly all, the compounds of 

arsenic appear to be more or le.ss intensely i)()isonous, I 

shall here allude espectially to the detection of arsenious 

acid (AsOj); since in the vast majority of cases in which 

arsenic is taken, whether criminally or accidentally, it is 

in the form of arsenious a(^id, or, as it is often callwl, 

oxide of arsenic, or wdiite arsenic. The experiments 

'which I am about to describe will serve, however, for the 

most part, equally well for identifying the presence of 

araemc in other forms of combination than that of arseni- 
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ous acid ; so that, if the processes are carefully conducted, 
the risk of any traces of the metal escaping detection is 
very small. 

741. When the presence of sulphide (or sulphuret) of 
arsenic (AsSg) is suspected, the substance supposed to 
contain it may be first examined for any particles of 
yellow powder; which, if present, should be mixed, when 
dry, with a little black flux, or with a mixture of dry 
carbonate of soda and charcoal, and heated in a small 
German glass tube, closed at one end ; when, if it consists 
of sulphite of arsenic, a crust of the metal will appear 
in the upper part of the tube (743). If no yellow powder 
can be detected, the mass in which it is suspected to be 
present is to be treated according to the directions given 
hereafter. 



SECTION I. 

Identification of Arsenious Acid when unmixed loith other 

substances. 

742. Place a little of the white powder in a small 
tube of Grerman glass, closed at one end, and heat it 
gradually in the flame of a 
spirit-lamp, taking care to fig.76. 

warm the upper part of the « ^ 

tube slightly before heating im f«aft 

the arsenious acid. If it is ar- n^ w^ \^B C^ 

senious acid, it will sublime, ^^^ ^ w^ 



and condense in the upper part W^^m »» ^ q 

of the tube, forming a colorless A ^=^7^8. j^ /\ 

crystalline sublimate, which, ^£^ ^ ^^\i 

when examined with a good ^^ ^^T^ 

lens or microscope, will be ^^ m^-^ ^ 

found to consist of beautiful ^ ^ 

sparkling octahedral crystals Arsenious Acid. 

(Fig. 76). The size and regu- 
larity of the crystals appear to depend on the slowness 
with which the vapor is condensed. If the surface of the 
glass on which the condensation takes place is quite cold, 
the sublimate is often amorphous, as may be seen by hold- 
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ing a \>m*ii of coUl glass in the fumes given off by a little 
arson ions a(;id heated on charcoal.^ 

74.*5. Mix a little of the suspected powder with a large 
pro{K)rtion of black flux, or of carbonate of soda and 

charcoal, which for this purpose should be 
Fio. 77. perfectly dry, and heat the mixture in a 

small tube of German glass before the blow- 
pipe. If arsenic is present, it will be re- 
duced to the metallic state, and sublime 
into the upper part of the tube, forming a 
shining metallic crust (a. Fig. 77). The 
part of tlie tube which contains the crust 
may then be filed off, wrapped in a piece of 
strong iMiper and broken, the fragments of 
the crust Ixiing placed in another tube, and 
again heated. The reduced metal will in 
this way be reconverted into arsenious acid, crvstals of 
which will condense in the cool part of the tube (742). 

744. Make a solution of some of the powder by boiling 
it for some minutes with water, in which arsenious acid 
is sparingly soluble, and apply to separate portions of 
the solution the following tests. (See also 746 and 749.) 
(a) Acidify a portion of the solution with a drop or 
two of hydrochloric acid, and pass a current of hydro- 
sulphuric acid gas (sulphuretted hydrogen) through the 
liquid, until it smells distinctly of the gas. If arsenious 
acid is present, a bright yellow precipitate of sulphide 
(AsSg) will be thrown down, very easily dissolved by 
ammonia. 

(6) Add to the second j)ortion of the solution a few 
drops of ammonio-nitrate {Ag 0,N0^y2NH^ of silver. If 
arsenious acid is present, a canary-colored precipitate of 
arsenite of silver (3AgO,AsOs) will be thrown down, 
which is soluble in nitric acid and also in ammonia. 

(c) Test a little of the solution with ammonio-sulphate 
{OuO,S0^2NH^,HO) of copper. This will cause, with 



1 For much valuable information with respect to the detection of 
arsenious acid with the aid of the microscope, we are indebted to 
Dr. Guy's minute investigations, an abstract of which is given in 
his Principles of Forensic Medicine, 2d edition. 
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arsenious acid, a pale green precipitate of arsenite of 
copper (2CuO,HO,As03). 

Marsh's Teat. 

745, Arrange a wide-mouthed bottle, of six or eight 
ounces' capacity, with tubes as shown in the annexed 
figure; the tube d being of hard German glass. Place 
in it a few fragments of zinc, and add a little dilute sul- 
phuric acid, consisting of one part of the strong acid 
to six or eight of water. 

When the hydrogen has *"'"■ '*■ 

been coming offabout five 
minutes,' applyalightto 
the gas as it issues from 
theaperture ate, and hold 
over it, or rather in it, a 
clean porcelain crucible 
lid, in order to prove 
whether any traces of ar- 
senic are contained in the 
zinc or acid employed, in 
which case a more or less 

distinct arsenical stain would be produced. If the ma- 
terials are thus found to be pure, a little of the solution 
of the supposed arsenic is to be introduced through the 
tube 6. 

746. Again apply a light to the jet of gas at e, and 
hold in theflameacleanporcelaincruciblelid. If arsenic 
is present, dark spots of the metal will be deposited on 
the surEice of the porcelain, wherever it has been allowed 
to enter the flame. A few of these stains may be pre- 
pared and tested in the following manner, in order to 
prove whether they really consist of arsenic, and not of 
antimony; which latter, if present, wouldproducestains 
very similar in appearance to those of arsenic. 

(a) Apply the heat of a spirit-lamp to one of the spots. 

' This interval must be nllowed to elapse, in order tliHl the 
""""'" * "*" ' "n the npparatus may be expelled befiire 

a mixture of hydrogen and Ci '" 
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irar^ni<\ it will readily volatilize^ and a slight smell, 
n-M^iiMinj jarlio, will probably be perceptible. 

'i Mt»i-ton one of the spots with a drop of yellow 
Iiv.]r>i^u1phntf of ammonia, containing an excess of 
>ul}»hur. If it consist* of arsenic it will remain undis- 
«M»Ivf«l fi»r some considerable time; while if it were 
antim'tnv. it would immediately dissolve. 

*• » Add a dn>p or two i>f a solution of chloride of lime 
I i \\ ^ >' V ' ii I one of the stains. If it consists of arsenic it 
will imiiiiiliiucly dissfJve. 

747. H«»l«l orcr the flame a short wide test-tube (Fig. 
7l» . <•» a- to ti^lUnn the fumes of arsenious acid formed 
duriiiir tho o»!nbiL*tion of the arseniuretted hydrogen. 
Tlif :inH»ni«*:il sublimate mav be dissolved in hot water, 
:i!id \\\v >«>lution tested as desoribeil in paragraph 744, 
tu '♦. and r. ; St^e alsi> 749.) The sublimate formed in the 

tube by antimony, under 
'"^""^ the same circumstances, 

would, on the contrary, 
prove quite insoluble in 
water. 

748. Apply the heat of 
a spirit-lamp to the tube at 
the point d (Fig. 78), and 
observe the formation of a 
dark ring of metallic ar- 
senic^ inside the tube, a 
little in advance of the 
heate<l j>oint. The arsenic thus deposited may be vola- 
tilizeil backwards and forwards in the tube, by applying 
the heat of a spirit-lamp (765, a\ If the tube be then 
disconnecte<l from the bottle, and the arsenic volatilized 
in it while filled with atmospheric air, the metal will 
gradually become oxidized and converted into arsenious 
acid, crystals of which will appear in the cool part of 
the tube. 

For testing very small quantities of a sul)stance sus- 

1 In consequence of ft secondary decomposition between the zinc 
and sulphuric acid (Fordos and G^lis) a little sulphuretted hydro- 
gen is sometimes formed, which gives rise to a yellow ring of 
sulphide of arsenic by the side of the metallic ring. 
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pected to contain arsenic, it is advisable to employ a much 
smaller apparatus (Fig. 80) than that above described. A 
two-ounce bottle may be used, or even a short wide test- 
tube capable of containing about half an ounce of liquid. 
The tube through which the gas escapes should be drawn 
out at the extremity, so as to form a very narrow tube 
about two inches long. In such cases it is not advisable 
to run the risk of allowing any arsenic to escape, on 
which account the shoulder of the tube should be heated 



Fig. 80. 
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with a spirit-lamp before the suspected solution is intro- 
duced, when a metallic deposit will be formed in the 
narrow portion of the tube if any arsenic be present. By 
employing a long tube constricted at intervals, and heat- 
ing each of the wide portions of the tube, several metallic 
deposits may be produced at the same time, and may be 
made the subjects of various confirmatory experiments. 
When a very small apparatus is employed, the zinc should 
be free, not only from arsenic, but from all other metals, 
so that^the evolution of hydrogen may be slow and uni- 
form. 

If Marsh's apparatus be immersed in a considerable 
volume of cold water whilst in use, to prevent a great 
rise of temperature, it is not necessary, even in very 
minute testing, to dry the gas, as is sometimes recom- 
mended. 

The metallic crusts obtained in the tube should be 
examined by the following confirmatory tests. 
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(a) Place the piece of tube with the deposit in a small 
hard glass tiil)e, and apply the heat of a spirit-lamp; the 
crust will gradually disappear^ and crystals of arsenious 
a(*id (742) will Im deposited on the cooler part of the tube. 

(6) Place the tul)e and deposit in a little water ooa- 
taininl in a small tost-tube^ and add two or three drops of 
yellow sulphide of ammonia; an arsenical crust should 
not dissolve even on shaking for some little time. Poar 
oif the li(]uid, wash the tube several times with distilled 
water, and add some clear solution of chloride of lime 
(bleaching i)ow(ler), by which the crust should be dis- 
solved on agitation. 

(c) Boil the tube containing the metallic deposit in a 
few drops of pure nitric acid, in a small test-tube ; when 
the crust is dissolved, rinse the solution into a very small 
I)orcelain dish, and evaporate just to dryness over the 
lamp. The residue of arsenic acid (AsO^) which should 
l)e left, would become moist on exposure to the air for a 
few minutes, would dissolve easily in water, and the 
solution would give a brown-red precipitate of arseniate 
of silver (3AgO,As05) on adding nitrate or ammonio- 
nitrate of silver. Should no precipitate be obtained, 
l)erhaps a little free nitric acid may have been left, in 
which case, a glass rod dipped in dilute ammonia will 
produce the precipitate. 

Reinsch^s Test, 

749. Before applying this test, the simplest by which 
minute quantities of arsenic can be detected, great care 
is required to insure the absence of that metal in the 
hydrochloric acid and the copper necessary for its execu- 
tion. As it is not easy to procure ordinary copper not 
containing a little arsenic, it is better to employ the 
metal deposited by the electrotype process from a solu- 
tion of sulphate of copper which has been carefully 
purified by recrystallization. In order to test the cop- 
per and hydrochloric acid for arsenic, the following 
experiments should be made. 

(1) Mix one ounce of the hydrochloric acid with four 
ounces of water, boil it in a small flask and introduce a 
small strip of the copper; boil for fifteen or twenty 
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minutes, and if the copper remain perfectly bright, the 
hydrochloric acid may be deemed gufBciently pure. 

(2) Cut a square inch of the copper into small strips 
and heat them in a small tube of hard glass, first with 
the flame, and afterwards with the blowpipe, to see if any 
crystals of arsenious acid are deposited. 

(3) Cut two square inches of the copper into strips, 
place them in a shallow dish, moisten them with the 
hydrochloric acid, and leave them for some time exposed 
to the air ; add a little more hydrochloric acid from time 
to time, until all the copper is dissolved (which will re- 
quire many hours' exposure) ; pour the solution into a 
small retort, add about half its bulk of hydrochloric acid, 
and distil over about two-thirds at a moderate heat, con- 
densing the vapors by passing them through a tube kept 
cool by wet filtering-paper. Dilute the distilled liquid 
with four times its bulk of water, and boil it with a strip 
of copper, which should remain untarnished if no arsenic 
be present. 

In this test the arsenical copper is converted into sub- 
chloride of copper, by favor of the oxygen of the air, 
Cug + HCl + O = Cu^Cl + HO. 

The arsenic passes into solution as terchloride (AsClg), 
together with the subchloride of copper which is soluble 
in hydrochloric acid. On distilling, the terchloride of 
arsenic passes over with the acid. 

The hydrochloric acid employed in Reinsch's test 
should also be free from sulphurous acid, which may be 
detected by dissolving a little zinc in the dilute acid, and 
conducting the gas into solution of acetate of lead, in 
which a black precipitate of sulphide of lead (PbS) 
would be produced if any sulphurous acid were present. 

In order to apply this test, acidify a little of the aque- 
ous solution of the substance suspected to contain arsenic, 
with a few drops of pure hydrochloric acid, and boil in 
it two or three strips of clean copper-foil. If arsenic is 
present, it will be deposited in the metallic state^ on the 



1 Lippert has shown that this deposit is not pure metallic ar- 
senic, but an alloy containing 32 per cent, of arsenic and 68 of 
copper (CujAs). 

24 
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surliut' «if tlie i-opiKT, and may be proved to be arsenic 
ill tilt' tollowin^ manner: 

in) Wash the oopper 8trij», and dry them by gentle 
pH'ssiin* iH'twwn folds of filtering-paper, or by warming 
thfin nil a watcT-lmth ; when dry, place them in a small 
flcan and drk' tiilK> of Grcrman glass, closed at one end, 
and apply hesit, first with the flame alone, and afterwards 
with the hlowpiiK*. The ari^enic will volatilize ; and be- 
minintr <»xidiz(Hl while in contact with the air, anseaioos 
at'id will t-ondense in the up|)er |)art of the tube, forming 
a <Tvstallint* sublimate, which may l>e examined with a 
hns'l712). 

{(>) I)i>H)lv<* the sublimate obtained in a in a little hot 
water, an<l apply to the solution the tests described in 
para^niph 744. If it Ik* verj- minute, it may be dissolved 
l>y lM>iliiitr with a fewdroi)s of nitric acid, and tested as 
in 74Hr.» 

SECTION II. 

Jhirctiou of Antenic in the presence of Organic Matter, 

750. The easels in which arsenic has to be detected in 
the presencv of organic matter may be classed under 
three lu^ads, the first including pretty clear and homoge- 
ni'ous liquids, such iis beer, milk, and urine; the second, 
such thick heterogeneous mixtures as gruel, pudding, 
and the contents of the stomach or intestines ; and the 
third the solid organs of the body, such as the liver, in 
which arsenic is generally to he detected after death by 
jxiisoning. 

Ddedion of Arsenic in Organic Liquids which are pretty 

clear and homof/oieous, 

751. When the investigation has any judicial interest, 
the quantity of the liquid should \yc carefully recorded, 
and every portion which is taken for a separate experi- 
ment must be measured, so that, if the i)oison be detected, 
the analyst may be able to give an opinion resjK^cting its 
quantity. 

* Arsenic is muclj more difficult to detect by Reinsch's test when 
in the state of arsenic iicid. It then requires long boiling with 
copper in the presence of a very large excess of hydrochloric acid. 
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A portion of the liquid may then be acidified with a 
little pure hydrochloric acid (tho purity of which has 
been previously ascertained), and then boiled with two 
or three small strips of tested copper-foil. If arsenic is 
present, it will probably be deposited, in the course of a 
few minutes, upon the surface of the copper, and must 
be treated in the manner presently to be described. It 
must not, however, be considered certain that no arsenic 
IB contained in the liquid until after boiling the mixture 
for half an hour, or even longer, when, if no stain is 
produced, which, on examination, gives indications of 
arsenic, it may safely be concluded that no trace of the 
metal is present. ^ 

It occasionally happens that a little fatty animal matter 
is deposited on the surface of the copper during the 
boiling. When this is the case, the copper should be 
boiled with a little ether or alcohol, in order to dissolve 
it, before being exposed to heat in the tube. 

752. The copper strips must now be heated in a small 
clean and dry tube, closed at one end; when if any 
arsenic has been deposited upon them, a crystalline sub- 
limate of arsenious acid will appear in the upper part of 
the tube. If, on examination with a lens, the sublimate 
is found to exhibit the characteristic crystalline form and 
appearance of arsenious acid (742), there can scarcely be 
a doubt of the existence of arsenic. Proceed further as 
in 749 (6). 

753. In most cases, when no arsenic has been thus 
reduced upon the copper, it may be inferred that no 
appreciable amount of that metal is present, but should 
arsenic be detected, the analyst should, if possible, 
proceed to obtain further evidence of its presence by other 
methods. 

If the liquid be not very viscid and liable to froth, it 
may be acidulated with a little pure sulphuric acid, fil- 
tered, if necessary, and subjected to Marsh's test (745). 
If frothing should take place to any inconvenient extent, 
a drachm or two of alcohol may be poured down the 
funnel-tube in order to arrest it. 

In the case of viscid liquids to which Marsh's test 
cannot be applied, it is recommended to evaporate them 
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ti> n small bulk npon a water-bath, to acidifi,- Rtronglr 
with (iiirf liytlnwhliiri*- acid, anJ to afld t-lilorate of pol- 
•.L-h. ill TiDull ((iiantities, until the liquid becomes w 
liiii|ii>l n.* !•> admit ol' liltration. The heat of the waia- 
kitli i< o>ntinuMl until the ^mell of chlorine has ingreU 
niiu-iirv di-^{)iieanil. and the liquid, if necessary, filteretL 
Tin- tUar tiltralf may be tested, either by Mareh'B 
l>r><i>*wi ■74-T>. or by eloptPolyi*Ls, 

Kitiir-'JviK UM fiv Ar^vitic. — Tliis test depends upon 
ill'- i-ir>-iiiii-tan(v that when a pretty jwwerful galvanic 
i-.irr^-iit i- inutlc w traverse an m*i<) liquid contuning 
;ir-ni.-, :ir-(-iiiiin.tt(il hytln^n is evolved at the negs- 
:-.vi' [<-rmiii:il. tirjither with the hydrogen of the decom- 

1\> o^ust ruct ihe apjiaratu^ | Fig. 81 ) for this test, a two- 
ounce bottleiXnthaDKH 
derately wide mouth, 
is selcctcti, and a file- 
mark made at a little 
distance trom the hot- 
tom, so that it maybe 
extendefl into a crack 
by placing a red-hot 
wire a^inst it,and led 
round the bottle bo te 
to cut otr the bottom. 
The edges having been 
cniouthed with a filc,or 
by grinding on a whet- 
stone, a pretty deep 
groove is tiled round 
the bottle at about half 
an inch from the edije. 
A piece of wet ]Mireh- 
nicot-ii!i(>er' is tlonblod down over the bottom of the 
lx>tilc, and socurwi by a piece of stout platinum wire, for 
which the groove ha-* l>een cut in the glass. A perftt- 




* PNrvhmviit-iiapor if no? 
imniiTsinc whitp hint tine- paper tor »n im 
■>f till- firt<nir«>t oil of vitriol wilh biilf ii 
r.ijiiJ|y wishing. 
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rated cork is inserted in the mouth of the bottle, provided 
with a narrow funnel-tube, somewhat drawn out at the 
extremity, whi<;h should nearly touch the paper, dia- 
phragm, and with a small tube bent at right angles, for 
the exit of the ga^. A strip of platinum-foil cut into 
the shape of a spade is secured between the cork and the 
neck of the bottle, so that its broad end, hanging down 
within the bottle, may nearly touch the diaphragm, the 
other end projecting an inch or two beyond the neck of 
the bottle. The narrow part of this strip may be about 
a quarter of an inch wide, and the broader part an inch 
square. The bottle is placed in a cylindrical jar not 
much wider than itself, and not so flat at the bottom as 
perfectly to close the bottom of the bottle; between the 
side of the jar and the bottle, a second strip of platinum- 
foil, similar to the above, is suspended, so as nearly to 
touch the bottom of the jar. With the bent tube pro- 
vided for the egress 'of gas there is connected, by means 
of a small caoutchouc tube, a rather thick narrow tube, 
of very infusible glass, drawn out to a very narrow point, 
about two inches long; this tube must be supported 
across the ring of a retort stand. 

The apparatus is charged with a mixture of two 
drachms of pure sulphuric acid, and six drachms of 
water, half of the mixture being poured down the funnel, 
and the remainder into the outer jar. The latter is then 
immersed in a basin of water to prevent too great a rise 
of temperature, and the two strips of platinum are con- 
nected with the terminal wires of a galvanic battery,' 
the wire proceeding from the zinc extremity being united 
to the strip within the bottle, and that from the platinum, 
copper, or carbon end with the strip which dips into the 
outer jar. Ten or fifteen minutes having been allowed 
for the expulsion of the air by the hydrogen evolved 
from the platinum in the bottle, a small spirit-flame is 
applied to the shoulder of the drawn-out tube, so as to 
heat it to dull redness, at which it should be kept for 
about a quarter of an hour; if no ring of arsenic or sul- 

^ Five or six Grove's cells are very suitable for the purpose, but 
of course any battery which decomposes acidulated water pretty 
briskly will answer. 
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phide of arsenic i» then visible in the narrow point of 
the tube, showing that the sulphuric acid is pure, the 
solution to be tested for arsenic^ is poured slowly down 
the funnel-tube, care being taken to avoid the introduc- 
tion of air-bubbles. If much froth should now make 
its appearance, a drachm or two of alcohol may be 
poured down the tube. If no deposit of arsenic or of 
(yellow) sulphide of arsenic be visible after ten minutes, 
half a drachm of a strong solution of washed sulphurous 
acid or of sulphuretted hydrogen is poured in, and the 
experiment continued for another quarter or half hour. 
If any arsenic be present, either the metallic ring of 
arsenic, or a greenish-yellow iridescent ring of sulphide 
of arsenic, or both, will be deposited in the narrow part 
of the tube.^ The lamp is then removed, the tube 
allowed to cool, and that part which contains the deposit 
cut off by a file, and gently warmed in a small test-tube 
with a little solution of carbonate of ammonia, in which 
the yellow sulphide of arsenic will slowly dissolve. The 
tube, with the metallic portion of the crust, is then 
washed, and tested according to the directions in 748, a 
b and c. 

The liquid which has been subjected to electrolysis is 
seldom exhausted of arsenic unless a very minute quan- 
tity is present. In order to extract the remainder, the 
solution may be mixed with a large excess of saturated 
solution of sulphuretted hydrogen, and heated in a cov- 
ered beaker for an hour or two. 

753a. The precipitate of sulphide of arsenic mixed 
with organic matter is collected on a filter, well washed, 
dried, and thrown in small portions into a little nitre 
fused in a porcelain crucible, the filter being cut in 
pieces and thrown in also. The fused mass (containing 
the arsenic as arseniate of potash), when cool, is dissolved 



1 If this solution contains very much free hydrochloric acid, it is 
advisable to dilute it with twice its volume of water. 

2 If no odor of sulphuretted hydrogen be perceptible at the orifice 
of the tube at the end of the exi)eriment, a little more sulphurous 
acid or sulphuretted hydrojjjen should be poured in, lest the libe- 
rated chlorine should have traversed the diaphragm and prevented 

'Volution of arseniuretted hydrogen. 
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in a little water, the solution mixed with chloride of am- 
monium and ammonia, filtered, if necessary, and well 
stirred with solution of sulphate of magnesia. After 
standing for some time, a highly crystalline precipitate 
of arseniate of magnesia and ammonia (2MgO,NH40, 
AsOg) will separate, which may be collected on a filter 
and washed. 

The arseniate of magnesia and ammonia may be easily 
distinguished from the phosphate, which much resembles 
it, by moistening it with nitrate of silver, when it assumes 
the characteristic red color of arseniate of silver, whilst 
the phosphate becomes bright yellow. Of course it 
might also be dissolved (even after treating it with nitrate 
of silver) in hydrochloric acid, and tested by boiling 
with hydrosulphuric acid, or by Marsh's test. 

SECTIOlSr III. 

Detection of Arsenic in Organic Mixtures containing both 
Liquid and Solid Matters ; such as the contents of 
a Stomach, vomited moMers, &c. 

754. When the liquid and solid portions of the mix- 
ture are found capable of ready separation, either by 
subsidence or filtration, it is generally better to examine 
each of them separately. When this is not the case, see 
paragraph 758. 

755. Examination of the liquid portion. — The clear 
liquid, after the removal of the solid matter, either by 
filtration or otherwise, is to be examined in the manner 
described in paragraph 751. 

766. Examination of the solid portion} — This should 
first be examined for any small lumps of arsenious acid, 
which, in cases of poisoning, are often to be found adher- 
ing to the coats of the stomach. These should be care- 
fully picked out, and tested according to the directions 
given in paragraphs 742-744. 

757. The solid or semi-solid organic matter is then to 
be heated on the water-bath with dilute hydrochloric 
acid containing about one-tenth of the strong acid. A 



1 In some cases it may be of importance to note the weight of 
the Bolid matter. 
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|nirt of the aeicl solution may then be boiled with coppw 
striivs, wliioh are to be dried, and examined for arsenic 
in the manner before described (749). The remainder of 
the arid sohition may be examined by 753, and the on- 
dissH^lveil solid iK)rtion8 by 761. 

758. When the organic matter is viscid, and incapable 
of ready sejxiration into solid and liquid portions (754), 
it may Ik* mixeil with a little dilute hydrochloric acid, 
well stirreil top*ther, and boiled ; if the solution thus 
obtaiiuHl Ik* sufficiently thin, it may be filtered, and dealt 
with as in 757, but otherwise it must be treated accord- 
ing to 759. 

SECTION IV. 

Dtitcfion of Araenic in the Tmues^ and in other solid 

Organic Matters. 

759. In nuHlieivk^l investigations as to the presence 
of arsiMiic, it is absolutely necessary in case none of the 
|HMsi>n ctui Ik* detwted in the stomach and its contents, 
to oxaniino the various tissues of the body ; since the 
|H>ison, when intnxlueed into the stomach during life, 
lHH\>iues gnulually absorbed and diffused through the 
whole system, and may be found in the blood, urine, 
muscles, and visoeni, esi)eeially the liver. It is therefore 
advisable to examine each of these for the poison ; audit 
slumld never Ik» ixmcluded, that because it cannot be 
iletiH'tiHl in the stomach and its ex)n tents, none is to be 
found in other parts of the body. Should the patient, 
however, survive iluring several days after swallowing 
the }K>ison, it is possible that the whole of it may be 
eliminatinl fn>m the b(Hlv ; in which case no trace of it 
will afterwards be detected. 

7 GO. If the solid matters to be examined have under- 
gone putrefaction, the arsenious acid may have been 
jwrtly converted into sulphide of arsenic, which is some- 
times perceived in bright yellow patches. 

761. The solid matter intended for examination' is to 



* The part of the body in which the poison is most likely to be 
found is the liver, which should always be preferred for these 
experiments. The pancreas, kidneys, and urine, should also, if 
possible, be examined, before deciding on the absence of arsenic. 
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be cut up and heated on the water-bath for an hour or 
two with hydrochloric acid, consisting of one part of 
the strong acid to eight or ten of water. The mixture 
is then filtered through fine muslin, in order to separate 
the more solid matters ; and the clear liquid thus obtained 
is concentrated to about half its bulk, by evaporation on 
the water-bath, and treated as in 751. The undissolved 
solid portions are heated in a porcelain dish, placed upon 
a water-bath, with a mixture of six measures of water 
and one of hydrochloric acid, to which chlorate of potash 
is added in small portions, with constant stirring, until 
the solid has disintegrated, and the liquid is fit for filtra- 
tion. The further treatment is then conducted as in 753. 

If a galvanic battery be not procurable, the solution 
obtained by means of hydrochloric acid and chlorate of 
potash is evaporated to a small bulk, mixed with a strong 
solution of washed sulphurous acid,^ until it has a de- 
cided odor of the gas, heated in a flask placed in a 
water-bath, until the odor of sulphurous acid has dis- 
appeared, mixed with a large excess of a saturated solu- 
tion of sulphuretted hydrogen, and digested for some 
time at a moderate heat. The precipitate of sulphide of 
arsenic, which is never pure yellow, but dingy, from the 
presence of organic matter, is collected upon a small fil- 
ter, washed, and treated as in 753a. 

The solution obtained by treatment with hydrochloric 
acid and chlorate of potash might also be tested by 
Marsh's or by Reinsch's test, but, if the solution is at all 
viscous, the frothing is a serious obstacle to the applica- 
tion of the former, and the introduction of copper in the 
latter test unfits the solution for further examination if 
it should be necessary. 

Should it be required to examine for arsenic the or- 
ganic matter left undissolved by hydrochloric acid and 
chlorate of potash, it may be dried, mixed with five or 
six times its weight of pure nitre, and thrown by degrees 
into a red-hot dish or crucible. The deflagrated mass, 
which would contain arseniate of potash, is dissolved in 
as little water as possible, acidulated with hydrochloric 

^ To reduce the arsenic acid (AsOg) to arsenious acid (AsOj). 

26 
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aci<I, j^ontly heated, and if necessary, filtered. The clear 
liquid is mixcnl with a few drops of solution of sulphate 
of magnesia, and a considerable excess of ammonia, and 
after \mn^ well stirred, is set aside for twenty-four hours. 
The precipitate will contain the arsenic in the form of 
ars<Miiate of magnesia and ammonia (2MgO,NH^0, AsOj), 
toj^ether with earthy phosphates derived from the or- 
gjinic matter. It is collected upon a filter, washed with 
dilute ammonia (pure water dissolves it), and dissolved 
in as little dilute hydrochloric acid as possible. The 
solution may then be tested either by Marsh's or the 
(»l(K;trolytic test. 

liyla. Another method which has been found very 
useful for separating arsenic from organic matters, con- 
sists in drying them upon a water-bath, digesting in a 
covonHl vessel with moderately concentrated hydrochloric 
acid, separating the solid matters by filtration, and dis- 
tilling, the acid vapor .being condensed in a flask con- 
taining water. The arsenic is found in the distillate, 
having passed over as terchloride of arsenic (AsClj) and 
may be detected by the ordinary tests. 

7616. Detection of arsenite of copper in paper-hangings 
and other fabrics, A very ready method of effecting 
this consists in soaking the fabric to be tested in a little 
solution of ammonia ; the blue solution, which will be 
found if copper is present, is acidulated with hydrochloric 
acid, and boiled with clean copper (749). ' 

SECTION V. 
Quantitative Determination of Arsenic, 

762. The exact determination of the quantity of ar- 
senic present in a mixture containing much organic 
matter is attended with great difficulty. In general, a 
sufficiently accurate estimate of the amount may be found 
by comparing the crusts obtained by Marsh's test with 
those furnished by known quantities of arsenious acid, 
but should a direct determination be necessary, it may be 
effected by a process of which an outline is here given, 
though without the minute details of manipulation requi- 
site for perfect accuracy. 
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After having obtained the arsenic in a state of solution 
by heating the organic matter with hydrochloric acid and 
chlorate of potash, as described above, the clear liquid 
is mixed, in a flask, with a strong solution of bisulphite 
of soda until it smells very strongly of sulphurous acid, 
even after being heated for some minutes in a water-bath 
to reduce the arsenic acid (AsOj) to the state of arsenious 
acid (AsOg). The application of heat is continued till 
the smell of sulphurous acid has disappeared, and the 
solution is thoroughly saturated with sulphuretted hydro- 
gen, after which the flask is corked and set aside in a 
warm place for some hours. The precipitate, containing 
sulphide of arsenic mixed with organic matter, is col- 
lected upon a filter, washed, and dried. The dry precipi- 
tate is mixed with about six parts of nitre and six parts 
of dry carbonate of soda, and projected, by degrees, to- 
gether with the fragments of the filter, into a red-hot por- 
celain crucible. The deflagrated mass, containing arse- 
niate of potash, is dissolved in a little water, the solution 
filtered if necessary, and mixed with chloride of ammo- 
nium, ammonia,^ and sulphate of magnesia. After being 
well stirred, it is set aside for twenty-four hours, when 
the arseniate of magnesia and ammonia will have sepa- 
rated as a crystalline precipitate, which must be collected 
on a weighed filter, washed with dilute ammonia, dried 
at 212° and weighed (753a). The quantity of arsenious 
acid is calculated by the proportion, 

2MgO,NH,0,A805 + HO. AsO, 



190 : 99 : : Weight of the precipitate : x. 



* Should any precipitate be caused by the ammonia, it must be 
filtered off. 
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CHAPTER II. 






The r'^nn in whk«li antimony is generally met 
w:>. 7. r.-.oi;ow^?eaJ LQ¥v<ngatioiis« is the double tajliate 
^: xr.:i7>^oy 4nd p•x:fe^h KO.SbOj,CjH^O,e + Aq),com- 
:-.vr.'v oul.nxi cirtar enwtio or taitauized antimony, which 
> • Ttcc rskktn QiTi'^iiotnaUy. and occasionally as a poison. 
I: :v-Av S- 7v\'t>j:ni«\i by applying to its solution the fol- 
''^^*-:*^ :cisc<. 

: Hydr^x'hli^* acid, which gives a white precipitate 
o: :«n.^\>t^^ «•: anriaKHiy iSbOj) soluble in excess. 

^ Hvitn>iulphurio acid, in the solution form (a), 
^:vv< A iMrisrht ^M^ru?L^ precipitate. 

' Hy^ln.vhl.^riv* acid and metallic copper (749), on the * 
ar{>Iu^:ion of hear, will cive a pnrplish-blaek deposit of 
nu calliv* antimony. u|^mi the sur&ce of the copper. The 
larrer. mH^'u dricii aini heatetl in a tube, will not yield a 
iTA-^KiUinc >ublimato like arsenic, but may give a white 
aniorj>hou< do|vx>it on strongly heating. The deposit is 
di>5?<^lvo\l by IxMling the strip of copper in a dilute solu- 
tion of jvtash, and if the solution be treated with sul- 
phuretted hydn^^n. liltenxi firt^m any precipitate, and 
acidulated with hydrochloric acid, the orange sulphide 
of antimony is prccipitatcii. 

\tf) MarshV test \^74o^ will yield metallic crusts of anti- 
mony, as with an?enic. but the antinionial crusts are 
residily distinguishcil by the following characters. (1) 
Thev are much less volatile than those of arsenic, and 
are therefore deposited very much nearer to the heated 
|H>rtion of the tube. (2) They give no crj-stalline subli- 
mate when heated in a tube, but, with a strong heat, an 
amorphous sublimate. (3) Antimonial crusts will not 
dissolve easily in solution of chloride of lime ; but (4) 
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they do so at once in yellow sulphide of ammonium, and 
if the solution be slowly evaporated, it leaves an orange 
residue of sulphide of antimony (SbSg). (5) When oxi- 
dized by nitric acid and evaporated, the autimonial crust 
gives a residue which refuses to dissolve in water and 
produces a dirty gray precipitate with nitrate of silver 
(compare 748 a, 6, c). 

(e) The electrolytic test evolves antimonietted hydro- 
gen far less readily than arsenietted hydrogen, most of 
the antimony being deposited as a black coating upon 
the platinum plate connected with the zinc end of the 
battery. If the plate be washed, and gently heated with 
a little yellow sulphide of ammonium, it dissolves the 
antimony and leaves the orange residue when evapo- 
rated. By pouring a strong solution of hydrosulphuric 
acid down the funnel-tube at the commencement of the 
electrolysis, it will entirely prevent the evolution of an- 
timonietted hydrogen, whilst it promotes that of arse- 
nietted hydrogen. 

(/) If a solution of antimony, acidified with hydro- 
chloric acid, be poured into a platinum capsule, or placed 
upon platinum-foil (or even upon a gold or silver coin), 
and a strip of zinc (or iron, such as a knife-blade) be 
placed in it, a black deposit of antimony will be found 
around the point of contact of the two metals. The de- 
posit may be tested by placing a drop of yellow sulphide 
of ammonium upon it, and evaporating to obtain the 
orange residue, which should be compared with the resi- 
due left by a drop of sulphide of ammonium alone upon 
the uncoated metallic surface.* 

SECTION I. 
Detection of Antimony in the Presence of Organic Matter, 

764. For the detection of antimony in organic liquids 
and solids, the same methods of proceeding are adopted 
as in the case of arsenic (751-761), the antimony being 
recognized by the characters described in 763. 

765. Should both metals be present, they may still be 

I Of course a surface of silver would he blackened l»y tVve. ?.wV- 
phide. 



\ 
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ea**ily dotoctcd, unless there was a very great dispropor- 
tion Iwtwi'oii them, by the behavior of the crusts ob- 
tauKHl in Marsh's test. 

7()6. Even if one of the metals largely predominates, 
the electrolytic test permits the detection of both; it is' 
only nwi'ssary to allow the electrolysis to proceed for 
five or ten minutes in order to deposit the antimony on 
the nejrative plate before adding the hydrosulphuric acid, 
wiiii'h will at once arrest the evolution of the antimoni- 
etted hydrojijen, and if the reduction-tube be changed, a 
dejMisit of pure arsenic or sulphide of arsenic will be 
ohtaiueil. 

SECTION II. 

Quantitative Datei'minaiion of Antimony. 

767. The remarks in paragi*aph 762, upon the deter- 
mination of the quantity of arsenic will apply also in 
the ease of antimony, and precisely the same steps must 
be taken in order to ascertain the amount of the latter 
metal, except that dried nitrate of soda should be used 
instead of nitrate of potash for the deflagration of the 
sulphide. On digesting the fused mass in the cold, with 
a little water, almost the whole of the antimony will be 
left in the form of antimoniate of soda (NaO,Sb05), which 
must be collected upon a filter, washed with cold water, 
dried, and fused with five or six times its weight of cya- 
nide of potassium in a porcelain crucible, until the anti- 
mony has collected into a globule at the bottom of the 
fused mass. The latter is dissolved, when cold, in water, 
and the metallic button weighed. Each grain of antimony 
corresponds to 2.73 grains of crystallized tartar emetic. 



CHAPTER III. 

XEBCUBT. 



768. The most common preparation of mercury, by 
which life has been sacrificed or endanecered, is the 
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chloride (HgCl), commonly called corrosive sublimate ; 
the subchloride, or calomel (HggCl), the red oxide (HgO), 
and some of the other compounds, are also sometimes 
administered, either criminally or accidentally, with fatal 
eflPect, and may consequently have to be looked for by 
the medical jurist. In the process I am about to describe, 
however, any of these compounds will be brought into a 
state of solution ; after which the mercury contained in 
them may readily be detected by the proper tests. 

SECTION I. 
Def£ction of Mercury in Organic Mixtures, 

769. When the presence of mercury is suspected in an 
organic mixture, such as the contents of a stomach, the 
solid and liquid portions of the matter to be examined 
may be separated from each other, either by filtration or 
decantation, provided the separation takes place readily ; 
or if this is not the case, the whole of the mixture may 
be treated with acid, and examined in the manner 
described in paragraphs 774-776. 

770. Examination of tJie liquid portion. — The liquid 
portion may be first examined. Acidify it with a few 
drops of hydrochloric acid, and boil the mixture for a 
quarter or naif an hour, with two or three strips of clean 
copper-foil. If any mercury is present in the liquid, it 
will in this way be entirely separated from the solution 
and deposited on the surface of the copper. The latter 
is then removed from the acid liquid, and washed with 
a little dilute solution of ammonia, in order to remove 
from the surface any adhering oxide or subsalt of copper. 
The strips are then dried by gentle pressure between 
folds of bibulous paper, and placed in a small and per- 
fectly dry German glass tube, three or four inches long, 
closed at one end. 

771. The beat of a spirit-lamp is then applied to the 
bottom of the tube containing the copper strips; when, 
if any mercury has been deposited uj)on them, it will be 
volatilized by the heat, and condensed in the cooler part 
of the tube, forming a delicate and dew-like ring of 
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luiniiio fflobales of metallic mercury ; the real nature of 
wh^'h may ht* at once seen with the assistance of a com- 
i«« »n lvn>, if n^>i with the naked eye. 

771:. If ihe sublimate is so minute that the globules 
arv niM di>tin3rui<hable« it may be gently rubbed with a 
glv^ roil to unite the small globules. The strip of copptf 
may Iv shaken out of the tube, a very minute particle 
of itxlino intrvxlucctl, and a gentle heat applied to vaporize 
it. The moAHirial sublimate will thus be converted into 
iixlido of men-urv, which is vellow at first, and becomes 
:i^tirlot whon niblxxl with a glass rod (Lassaigne). 

77-. If. in the experiment above described (771), the 
apix^iramv of metallic globules is distinctly visible, it 
will s^xinvly Ix^ necessaiy to apply any further tests to 
j>i\>vo the prvs^enoe of mercury, since no other substance 
is itijviblo of prixiucing such a sublimate. If, however, 
any doubt exists as to the nature of the sublimate, the 
folio wiiiiT oxjx»riments may be made: 

77;>, RomoYO the copper from the tube, and dissolve 
the sublimate in nitn>hvdrochloric acid; by which the 
moriMiry, if prcsiient, will be converted into the soluble 
ohloriJo ^^//•/(7♦, Exjiel the excess of acid by evapora- 
tion at a s^Mitlo he:U: and apply to an aqueous solution 
of the residue, the following tests : 

[o's Si>lution of iotlide of potassium {KI) gives a bril- 
liant nxl pnvipitate of ioilide of mercury (Hgl), which is 
von' soluble in excess of the iodide of potassium. 

{h) S>lutifm of pi>tash gives a yellow precipitate of 
hvuratcil oxide of mercurv, which is insoluble in an 
excess of the precipitant. 

[i*] A Si>lution of hvdrosulphuric acid (sulphuretted 
hydn>genl, or a drop or two of hvdrosulphate of am- 
monia, forms at first a white precipitate, consisting of a 
double cH>nijH>und of chloride and sulphide (2HgS,Hg 
CI K which unless the precipitant be added very sparingly, 
ahm>st immediately becomes darker, owing to the admix- 
ture of the black sulphide (HgS). If the precipitant be 
added in excess, the wholeof the precipitate becomes black. 

(d) The dry mercurial salts, when mixed with car- 
bonate of soda, and heated in a narrow tube before the 
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blowpipe, yields a sublimate of minute globules of 
metallic mercury. 

774. Examination of the solid portion, — The solid por- 
tion of the mixture may contain mercury in combina- 
tion with certain animal matters, besides particles of 
calomel, oxide, or some other mercurial compound. It 
may first be examined for any visible fragments of these, 
which, if detected, may be picked out, and tested for 
mercury, by mixing them, when dry, with carbonate of 
soda, and heating the mixture in a small tube before the 
blowpipe; when the mercury will be sublimed into the 
cooler part of the tube (773 rf). 

775. The rest of the solid matter may now be warmed 
with a little hydrochloric acid and chlorate of potash, as 
directed in 761 ; one part of the filtered solution may be 
tested by boiling with copper, and the other may be 
subjected to electrolysis according to the directions given 
in 753. 

If mercury be present in the solution, it will be de- 
posited upon the negative plate (connected with the zinc 
end of the battery), and may be readily detected by boil- 
ing the plate in a few drops of nitric <acid, expelling the 
greater excess of the latter by evaporation, rendering the 
solution alkaline with ammonia (because the free nitric 
acid would dissolve the copper), acidifying very slightly 
with hydrochloric acid, and boiling with a slip of clean 
copper-foil, which may afterwards be washed and heated 
in a tube. If the negative plate be of gold (or of pla- 
tinum gilt by immersing it whilst attached to the bat- 
tery, in a solution of cyanide of gold in cyanide of potas- 
sium), the mercury will of course be easily recognized by 
the silvery appearance of the deposit. 

In the absence of a galvanic battery, the solution ob- 
tained by means of hydrochloric acid and chlorate of 
potash maybe mixed with excess of hydrosulphuric acid 
and heated for some time, when the black sulphide of 
mercury will be deposited, and may be collected on a 
filter and washed ; it will be found nearly insoluble in 
hot nitric acid, but readily soluble in a mixture of nitric 
and hydrochloric acids. The presence of mercury in the 
solution may be proved by evaporating it to a §»vftaiVVsv\SJ«v^ 
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adding nmmonia in excess, then hydrochloric acid in ex- 
cess, and Ixnling with metallic copper (770). 

776. A ver\' small quantity of mercury may also be 
detecttKl 1)V placing the solution upon a gold or copper 
coin, and touching the gold, through the liquid, with a 
\nis.v of zinc or the blade of a knife, when a silvery de- 
jH)sit will lx» formed around the point of contact, and will 
disap{>ear when the washed coin is gently heated. 

SECTION II. 

Ddediaii of Mercury in the Tissues. 

Ill, When the presence of mercury is suspected in the 
visci^ra or other tissues of the body, the part intended for 
examination should first be cut into thin slices, and heated 
with hydroi'hloric acid and chlorate of potash (761); by 
which means any mercury that may be present will be 
converted into the bichloride, and thus brought into a 
state of solution. The undissolved matter is then sepa- 
rated by filtration or decantation, and the liquid portion 
evaporated to a small bulk on a water-bath, and treated 
as in 775. 



CHAPTER IV. 

LEAD. 

778. Although instances of criminal poisoning with 
compounds of lead are of comparatively rare occurrence, 
still the accidental admission of it into the system, either 
in the form of the solid carbonate (white lead) so exten- 
sively employed in the arts, or through the medium of 
water impregnated with it, very frequently leads to seri- 
ous and even fatal results ; so that its detection is often a 
matter of grave importance. 

779. In testing for minute quantities of lead, it must 
be borne in mind that several of the test solutions em- 
ployed in analysis, when kept even for j^ few weeks 



WATER IMPREGNATED WITH LEAD. 299 

in bottles of flint glass, dissolve out very perceptible 
traces of the metal from the glass, in which it is present 
in considerable quantity ; so that, unless the experimenter 
is on his guard, he may be led to suppose that he has 
detected the metal in the liquid which he is examining, 
while, in fact, he has himself introduced it in one of his 
reagents. Solutions of potash and soda, and their car- 
bonates, are especially liable to become in this way im- 
pregnated with lead ; and several other saline solutions 
also, under peculiar circumstances, do the same, though 
more slowly, and in a less degree. On this account it 
is always advisable to test each of the reagents employed 
with solution of hydrosulphuric acid in large excess, 
which will, if any traces of lead are present, give the 
liquid a more or less decided brown tint ; or even cause^ 
a black precipitate, if the quantity of metal is at all 
considerable. 

SECTION I. 

Examination of Water suspected to be impregnated with 

Lead, 

780. The water intended for examination (which should 
always be tested as soon as possible after being taken 
from the cistern or pipe in which it has been standing) 
is placed in a beaker or bottle of German or green glass, 
free from lead, the surface of which should be washed 
perfectly clean with distilled water. A stream of hydro- 
sulphuric acid (sulphuretted hydrogen) gas is then trans- 
mitted through the water, until the latter smells distinctly 
of the gas. When lead is present, the liquid will gen- 
erally assume a brown tint almost immediately, unless 
the quantity of lead is extremely small ; but before de- 
ciding that the water is pure, it should be set aside for a 
few hours, after being saturated with the gas, during which 
time the sulphur will be partially precipitated, owing to 
the decomposition of the hydrosulphuric acid by "the 
oxygen of the air, mixed, if any trace of lead is 
present, with a little sulphide (PbS), which will give the 
sediment a more or less decided brown or fawn color. 
If, on the contrary, the water continues colorless, and 
the precipitated sulphur is white, or of a v^\^ ^^\ft. 



800 DETECTION OF LEAD IN 

sulphur color, it may be concluded that no perceptible 
trace of lead is contained in the water. 

781. The most satisfactory method of applying this 
test for lead in waters is the following. Two test-tubes 
of clear white glass, free from lead, about nine inches 
long, and half an inch in diameter, are nearly filled, one 
with pure distilled water, the other with the water under 
examination, to which a few drops of pure acetic acid 
are added to prevent the precipitation of any sulphide of 
iron. A similar quantity of acetic acid having been 
added to the distilled water, for the purpose of compari- 
son, the contents of both tubes are tested either with a 
clear solution of hydrosulphuric acid, or with a few 
bubbles of the gas. By holding both tubes, afler shaking, 
over a sheet of white paper, so that the eye may look 
along the axis of each tube, the slightest trace of lead 
may be discovered by the dark color of the liquid, and 
all fallacy is excluded by the comparison with the pure 
water. It is evident that by comparing the result with 
those furnished by solutions containing known quantities 
of lead, a close approximation to the amount of the latter 
may be arrived at. 

782. Lead may also be detected in waters by evapo- 
rating a quart to dryness, heating the residue with strong 
hydrochloric acid, and mixing the hydrochloric solution 
with a large excess of strong solution of hydrosulphuric 
acid, when the purplish-black precipitate, or color, of 
sulphide of lead will be obtained. 

SECTION II. 
Detection of Lead in Organic Mixtures. 

783. If the organic matt-er to be examined is a mix- 
ture of solid and liquid, such as the contents of a stomach, 
the two portions should, if practicable, be separated by 
filtration through paper or muslin ; having been previ- 
ously diluted, if necessary, with a little water, and gently 
heated with a drachm or two of pure acetic acid, which 
will cause the liquid to pass more readily through the 
pores of the filter. The liquid portion may be first 
tested ; and in case none of the metal can be detected in 
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it, the solid or semisolid matter may be afterwards exam- 
ined (788). 

784. Examination of the liquid portion. — A current of 
hydrosulpburic acid gas is passed through the liquid for 
about a quarter of an hour, by which means any lead 
that may be dissolved will be precipitated as the black 
sulphide.^ This is to be separated by filtration, and the 
greater part of it digested, with the aid of a gentle heat, 
in moderately dilute nitric acid ; a small portion being 
retained for examination with the blowpipe (787). 

785. When the sulphide is for the most part decom- 
posed by the nitric acid (which may be known by the 
undissolved residue, consisting chiefly of sulphur, be- 
coming nearly white), the clear solution is to be filtered 
from the insoluble matter, and tested in the following 
manner (786) ; the undissolved residue beingalso retained, 
in case it may be required for subsequent examination 
(787). The digestion in warm acid should not be con- 
tinued longer than necessary, since the prolonged action 
of the nitric acid might have the efiect of oxidizing the 
sulphur as well as the lead, forming sulphuric acid, 
which would combine with the oxide of lead, and pre- 
cipitate it from the solution in the form of the insoluble 
sulphate (PbO,S03). 

786. The clear solution (785) is now to be evaporated 
to dryness on a water-bath, in order to expel the excess 
of nitric acid ; after which the residue is to be redissolved 
in warm water, and tested in the following manner ; or, 
if the quantity is small, the tests 5, c, and d only need be 
applied. 

(a) Hydrosulpburic acid and hydrosulphate of am- 
monia cause a black precipitate of sulphide of lead (Pbs). 

(6) Dilute sulphuric acid, or a solution of sulphate of 
soda, gives a white precipitate of sulphate of lead (PbO, 
SO3), which is insoluble, or nearly so, in acids, but grad- 
ually dissolves in a solution of caustic potash. 

(c) The sulphate formed in 5, after being washed with 

* Minute quantities of lead escape precipitation in liquids con- 
taining organic matter, and can only be detected by evaporating to 
dryness and incinerating the residue (7S8). 
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distilled water, is instantly blackened when moistened 
with hydrosnlphate of ammonia or a solution of hydro- 
sulphuric acid, owing to the formation of the black sul- 
phide. The sulphate of lead may in this way be readily 
distinguished from the sulphates of baryta and strontia, 
which it resembles in many respects. 

(d) A solution of iodide of potassium {KI) throws 
down a bright yellow precipitate of iodide of lead (Pbl), 
which is soluble in hot water, and on cooling, separates 
from the solution in the form of brilliant crystalline 
scales of great beauty. 

(e) Hydrochloric acid, or a solution of chloride of 
sodium, causes, if the solution is not very dilute, a white 
crystalline precipitate of chloride of lead (PbCl), which 
dissolves when the mixture is heated, and crystallizes in 
the form of delicate needles as the solution cools. 

(/) Chromate of potash (KO, Or 0,) gives a rich yellow 
precipitate of chromate of lead (JPbOjCrOj), which is 
soluble in potash, and insoluble in dilute acids. 

(g) If any of the precipitates formed in the above 
experiments be dried, and heated on charcoal, with or 
without a little dried carbonate of soda, in the inner 
flame of the blowpipe, minute metallic beads will be 
obtained ; which may be recognized as lead by their 
softness and malleability ; a yellow incrustation of oxide 
of lead appears upon the charcoal. 

787. If no decided indication of lead can be obtained 
from the nitric acid solution, the other portion of .sulphide 
(7^4), and also the residue which proved insoluble in the 
acid (785), may be dried, mixed with carbonate of soda, 
and heated in the inner flame of the blowpipe; when, if 
any lead is present, it will be speedily reduced to the 
metallic state, forming minute malleable beads. 

788. Examination of thesolidportion, — If the examina- 
tion of the liquid portion should fail in proving the 
presence of lead, the poison may still be sought for in 
the solid or semisolid matters left on the filter (783), 
since it may exist in combination with animal matter, or 
in some other insoluble form. The mixture is evaporated 
to dryness, and the dry mass incinerated in a clean fire- 
da/ or porcelain crucible. The gray ash is reduced to 
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powder and treated with boiling water as long a? a drr)p 
of the washings leaves any residue when evaporated on a 
slip of glass. The solution tha« obtained may possibly 
contain lead, and should therefore be tested with sulphu- 
retted hydrogen (784). 

789. But the greater part of the metal would remain 
in the residue, which mast now be boiled with a mixture 
of equal measures of nitric acid and water for a few 
minutes. The filtered solution is examined for lead as 
m786. 

790. The residue left undissolved by nitric acid mav 
still contain lead in the form of sulphate : by boiling it 
with a little acetate of ammonia (prepared by mixing 
ammonia with -acetic acid in slight excels), this may l>e 
extracted, and the lead detected in the solution bv hvdro- 
sulphuric acid. It may still be advisable to dry the 
residue, mix it with carbonate of soda and charcoal, and 
fuse it at a bright red heat, either before the blowpipe, or 
in a covered crucible, in order to obtain if possible a bead 
of metallic lead. 

SBCTIOX III. 
Detection of Lead in the Ilssu£s. 

791. When, in a saspected case of poisoning by lead, 
no trace of the metal can be detected in the contents of 
the stomach, &c., it is necessary, before deciding upon 
the absence of the poison, to examine the tissues of the 
stomach, intesstines, and especially the liver; since it may 
be ofben found absorbed in these tissues, even when no 
trace is to be met with elsewhere. 

792. The pcntion of the body intended for examina- 
tion is to be cut into thin slices, dried, incinerated as com- 
pletely as possible at a moderate heat, and examined as 
in 788-790. 
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CHAPTER V. 

COPPEB. 

793. Like lead, copper is not often employed for the 
purpose of criminally destroying life; but is not unfre- 
quently taken accidentally, dissolved in articles of food, 
with serious, and sometimes fatal results. The chieif 
cause of such accidents is the employment of untinned 
copper vessels for culinary purposes; and although such 
vessels, when perfectly clean, may be used in the prepara- 
tion of certain articles of food without risk of impregna- 
tion, still the number of alimentary substances capable 
of acting upon and dissolving small quantities of the 
metal, is so great, that it is far safer to avoid the use of 
untinned copper vessels in all culinary operations. Acid 
and fatty substances especially, and liquids containing 
common salt and other saline matters in solution, should 
never be boiled in such vessels; since the quantity of cop- 
per dissolved by them is sometimes so considerable as to 
impart a green or bluish color to the mixture. 

SECTION I. 
Detection of Copper in Organic iltxturea, 

794. Copper may exist in such mixtures either in a 
state of solution, or in combination with certain organic 
or other substances, forming compounds which are more 
or less insoluble in water. On this account, when the 
mixture to be examined consists of both liquid and solid 
matters, it should first be warmed with a little hydro- 
chloric or acetic acid, by which means the copper will be 
brought into solution. The solution may then be filtered 
from the insoluble portion, which latter should be re- 
tained, in case it may be required for subsequent ex- 
amination. 

795. The clear liquid, slightly acidified with a few 
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drops of hydrochloric acid, is now to be tested for copper, 
by placing in it a piece of clean iron, free from rust, such 
as a needle or knife-blade. If copper is present in the 
liquid, it will in a short time be deposited in the metallic 
state on the surface of the iron, giving it all the appear- 
ance of copper; while the iron is at the same time 
dissolved in atomic proportion. The color of the freshly 
deposited copper is so peculiar and characteristic, that it 
can hardly be mistaken after being once seen ; so that 
this experiment is generally sufficient of itself to prove 
the presence of the metal. If, however, any doubt exists 
as to its presence, the following tests may be applied, 
either to a portion of the liquid from which the copper 
has not been removed by means of the iron, or to a solu- 
tion of the precipitated copper, scraped off the iron, in 
dilute nitric acid. 

796. (a) Hydrosulphuric acid and hydrosulphate of 
ammonia throw down a black precipitate of sulphide of 
copper (CuS). 

(6) Ammonia, when added in small quantity, throws 
down a pale blue precipitate, which, if the ammonia be 
added in excess, redissolves, forming a beautiful blue 
solution. 

(c) Potash throws down in the cold solution a pale 
blue precipitate of hydrated oxide (CuO,HO); which, on 
boiling the mixture, becomes black, owing to the forma- 
tion of the anhydrous oxide (CuO). The potash must 
here be added slightly in excess, as otherwise the precipi- 
tate would consist of a basic salt, which would not 
become black when boiled. 

(d) Ferrocyanide of potassium causes, even in very 
dilute acid or neutral solutions, a mahogany-colored 
precipitate of ferrocyanide of copper (Cu2,FeCy3), which 
is insoluble in dilute acids. 

797. In case no copper can be detected in the liquid 
portion, it is advisable, before deciding that the metal is 
altogether absent, to examine the residue which proved 
insoluble in the dilute acid (794). For this purpose it is to 
be evaporated to dryness, and ignited in a covered Ber- 
lin porcelain crucible. The incinerated residue is then 
warmed, with a little dilute nitric acid, which will dis- 

26 
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solve any traces of copper that raay. be present. The 
acid solution is evaporated nearly to dryness, in order to 
expel most of the excess of acid, and filtered; after which 
the solution may be tested with a piece of clean iron 
(795), and also, if necessary, with the other reagents 
above enumerated (796). 

798. When the solution containing copper, even in the 
presence of much organic matter, is subjected to electro- 
lysis (753), the metal is deposited upon the negative plate, 
and may be recognized by its color, and by the appro- 
priate tests (796) applied to the solution obtainoi by 
boiling the negative plate with nitric acid. 

SECTION II. 

Detection of Copper in the Tissues, 

799. Like the other metallic poisons, copper is readily 
absorbed by the tissues, where it may frequently be 
found in cases where no trace can be detected in the con- 
tents of the stomach and intestines. On this account, it 
is necessary, before concluding that no copper can be 
found, to examine the liver and other viscera, which may 
be done in the following manner. 

800. The part intended for examination is to be cut 
into thin slices, and treated with hydrochloric acid and 
chlorate of potash, as directed in 761. The acid solution, 
after filtering, is evaporated nearly to dryness; after 
which it may be tested with a piece of clean iron (795), 
and, if necessary, by paragraphs 796, 798. 

If no copper can be detected in this solution, the in- 
soluble organic matter may be incinerated and examined 
according to 797. 

SECTION^ III. 
Quantitative Determination of Copper, 

801. The quantity of copper present in any organic 
mixture may be ascertained by incinerating the dried 
organic matter, boiling the ash with dilute nitric acid, 
saturating the liquid (after filtering) with hydrosulphuric 
acid gas, which will throw down the whole of the copper 
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as sulphide. The precipitate is to be dissolved in hot 
nitric acid, and the copper thrown down as oxide^ by 
supersaturating the hot solution of the nitrate with )K)t- 
ash. The black oxide thus precipitated is to be washed 
with a large quantity of hot water, filtered, dried, ignited, 
and weighed. From the weight of the oxide, that of the 
metallic copper may be calculated as follows : 

Ate. wt. of oxide Ate vt. of Wt. of oxide WL of cof^r in the quantity 
of copper. cof^r. obtained. of mixtare employed. 

V , / \ , / V , , •• , / 

40 : 32 : : a : x 



CHARTER VI. 
znrc. 

Detection of Zinc in Organic Mixtures and in the Tissues. 

802. Zinc has occasionally to be looked for in organic 
mixtures and in the tissues, the sulphate being often ad- 
ministered as an antidote in cases of poisoning. It may 
be detected by boiling the suspected matters, in a finely 
divided state, with a little dilute hydrochloric acid and 
chlorate of potash, and filtering, if necessary, from any 
insoluble residue. The clear solution thus obtained may 
then be supersaturated with ammonia, and filtered, after 
which the clear ammoniacal solution may be tested with 
a current of hydrosulphuric acid gas (sulphuretted hy- 
dr(^n), which, if zinc is present, will throw down a 
white precipitate of sulphide (ZnS). The sulphide thus 
formed may be separated from the liquid by filtration, 
and dissolved in a little nitric acid ; the excess of acid 
employed being afterwards expelled by evaporating the 
solution to dryness.^ 

803. The residue should be boiled with water and a 



^ If this residue is carbonized when further heatod, it is advis- 
able to continue the heat as long as any vapors are evolved, to boil 
the charred mass with hydrochloric acid, and to evaporate the fil- 
tered liquid to dryness. 
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little nitric acid, the solution filtered, if necessary, and 
examined by the following tests : 

(a) Add ammonia in excess ; filter the solution from 
any precipitate which may be formed, and add hydro- 
sulphate of ammonia : if zinc be present, a white flaky 
precipitate of sulphide of zinc should be produced.^ 

(6) Add ammonia in excess ; filter if necessary, acidify 
the filtered liquid with acetic acid, and add ferrocyanide 
of potassium ; a white precipitate of ferrocyanide of zinc 
should be obtained. 

(c) Mix the remainder of the solution with carbonate 
of soda in slight excess, and boil for a few minutes; col- 
lect the precipitate (basic carbonate of zinc) upon a filter, 
wash it, and incinerate the filter when dry, in a small 
porcelain crucible. If zinc be present, the ash will be 
yellow while hot, and white on. cooling. Place it in a 
small cavity on a piece of charcoal, moisten it with nitrate 
of cobalt, and heat strongly before the blowpipe ; a green 
mass should be produced if zinc be present. 

804. If it be desired to examine the zinc in the resi- 
due left by the hydrochloric acid and chlorate of potash 
(802), it must be washed, dried, and calcined at a low red 
heat in an open crucible. The mass may then be boiled 
with hydrochloric acid, the filtered solution evaporated 
to dryness and further tested as directed above (803). 

^ If ammonia had not previously been add«d in excess, the hyr 
drosulphate of* ammonia would have given a white precipitate of 
sulphur, even if no zinc were present; but this precipitate would 
simply impart a milky appearance to the liquid instead of separat- 
ing in distinct flakes. The precipitate of sulphate of zinc is usually 
dirty white,' from the presence of a little sulphide of iron. 
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CHAPTER VII. 

IODINE. 

SECTION I. 

Detection of Uncombined Iodine in Organic Miscbires, &o» 

805. When iodine is present in an organic mixture, it 
may be detected in the following manner, which will also 
serve to identify it after having been absorbed by the 
tissues of the stomach, liver, or other organ, such organ 
having been first carefully cut out into thin hHc^ch, and 
macerated with a little water. The characteristic smell 
of iodine is generally perceptible in liquids containing 
it ; and it usually imparts to organic mixtures a yellow 
or greenish color. 

806. The mixture may first be examined for any ])ar- 
ticles of iodine that may be present in the solid state ; 
which if found, may be at once identified as such by the 
beautiful violet-colored vapor which they form when 
gently heated in a small glass tube.^ 

807. If no solid, iodine can be found, the 'liquid may 
be tested with a solution of starch ; or a strip of cotton 
or paper, impregnated with starch, may be moistened 
with it. If iodine is present in the solution, it will im- 
mediately strike a more or less decided purple color, the 
intensity of the tint varying from almost black to a pale 
shade of pink or lilac, according to the quantity of iodine 
dissolved in the liquid. 

808. Should the quantity of iodine in the solution be 
so minute as to fail in producing a sufficiently decided 



^ Since indigo also gives violet vapors, the next test should 
always be applied. 
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result, the liquid may be well shaken with a little chlo- 
roform, which will dissolve the iodine and acquire a 
beautiful violet color. The mixture is allowed to stand 
in order that the chloroform may collect at the bottom 
of the vessel, and the aqueous liquid is drawn off by a 
siphon or pipette. The chloroform is poured into a 
watch-glass, and allowed to evaporate spontaneously, 
when the iodine will be left, and may be recognized 
either by heating it in a tube (806) or by stirring it with 
water and adding a little thin starch paste (807). 

809. If the iodine be present in the solution as an 
iodide, it must be liberated previously to the application 
of the above tests. For this purpose the organic mixture 
should be slightly acidulated with hydrochloric a<;id, 
heated for some time upon a water-bath, and, if necessary, 
filtered. The cold solution is then mixed with a little 
sesquichloride of iron, to which enough dilute sulphuric 
acid has been added to render it colorless, and agitated 
with chloroform, when the liberated iodine ^dll be recog- 
nized as in 808. In this process the persalt of iron is 
reduced to the condition of a protosalt, by imparting an 
atom of oxygen to the hydrogen or metal in combination 
with the iodine, which is thus set free : 

Iodide Persulphate Sulphate Protosulphate 

potassium. iron. potash. iron. 



KI + Fe.Og.SSOs = KO,SOs 4- 2(FeO,SOs) -f I. 

Chlorine and chloride of lime are sometimes employed 
to liberate the iodine, but it is not easy to avoid the 
addition of an excess which converts the iodine into 
chloride of iodine.^ 



1 The introduction of a little sulphuric acid and a piece of zinc, 
however, will restore the blue color when destroyed by an exceas 
of chlorine. 
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CHAPTER VIII. 

8ULFHUXIC ACID (H0,80»)' 

SEcnox I. 

Detection of Sulphuric Acid in Organic Mixtures. 

810. SiTLPHUBic acid mav be readilv detected, even 
when mixed with a large quantity of foreign matter. 
Should the substance to be examined l>e viscid or f<emi- 
solid, it may be diluted with a little water, and boiled ; 
after which, if any solid matter remains in suspension, it 
may be filtered through muslin or jiaper. 

811. If the liquid contains free sulphuric acid, it will 
of course strongly r^den blue litmus-iiaper. 

812. Mix the liquid to be tested with a little hydro- 
chloric acid, and add a solution of chloride of barium or 
nitrate of baryta. If sulphuric acid is present, a cr>pioiis 
white precipitate of sulphate of bar^'ta will be prrxluced, 
which will not dissolve on boiling the acidified mixture, 
nor yet on diluting it with a considerable quantity of 
water. 

813. Since traces of sulphuric acid may Ije ^jontainod 
in the nitric acid used in acidifying the mixture ^814;, a 
little of the nitric acid employed should Ije diluted with 
three or four times its bulk of water, and tested with 
chloride of barium. 

814. It is po^ible, also, that the substance under ex- 
amination may contain some soluble sulpliates in s^>lu- 
tion, as sulphate of niagn€«ia, (^ulp^late of zinc, &c., which 
would cause the precipitation of hulpliate of l>ar\'ta with 
chloride of barium, even when no m.-e sulphuric acid is 
present. To remove this s^/urf* of emir, a little of the 
suspected fluid may be evaporated nearly to dr^-ness at a 
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gentle heat, when any saline matter that may be present 
will crystallize out; while the free sulphuric acid will 
continue liquid, and may be identified by the proper 
tests. 

815. It is not often, however, that any serious uncer- 
tainty can exist as to whether the sulphuric acid found 
mixed with organic matter was or was not uncombined, 
especially in cases of suspected poisoning ; since the 
corrosive efifects of the acid upon the parts with which 
it has been in contact, or other corroborative circum- 
stances, will generally of themselves furnish evidence 
sufficiently conclusive. 

816. A very simple and delicate test for free sulphuric 
acid consists in dipping a piece of white linen or paper 
into the solution, and drying it before the fire. As the 
water evaporates, the acid will carbonize the fabric. So- 
lutions containing organic matter as well as free sul- 
phuric acid yield a carbonaceous mass when evaporated 
nearly to dryness. 

SECTION II. 
Detection of Sulphuric Acid in Stains on Clothing, 

817. The stains formed by sulphuric acid on articles 
of clothing are usually moist to the touch, and most 
commonly of a brown or red color, varying, however, 
with the nature of the material and of the dye. The 
acid may be detected in them by boiling the stained part 
with water, and testing the solution as in the preceding 
section.^ 

SECTION III. 

Detection of Sulphate of Indigo in Organic Mixtures j&(i* 

818. The solution of indigo in sulphuric acid, com- 
monly called sulphate of indigo, which is occasionally 
either employed as a poison, or criminally thrown upon 
the person, may be detected in the same manner as the 
simple acid. It has a deep blue color, which may be 
destroyed by boiling with nitric acid previous to the 

^ When the stained fabric is dried before the fire, it becomes 
charred where the acid had loMched it. 
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application of the te^ ; after whidi the folphoric add 
may be identified either in organic mixtares or on articlef^ 
of clothings by the expmments described in paragraphs 
812-817. 



CHAPTER IX- 

HTDSOGHLOBIC ACD tHCi,. 

SECnOX L 
Detection of Hydrochloric Acid in ^/rrffjnu: Mvduren, 

819. Whex free hydmchloric add is pr^^fnt in an 
organic mixture, it may be detracted in the following 
manner. Tf solid or semisolid matter v^, mixed with the 
liquid it should be first boiled, and filtererl tfirough 
muslin ; and when the mixture l« thick and vrntul, a liltK^ 
water should be mixed with it Ijcfore boiling. The li^juid 
is then treated with a tolerably strong infusion of galln, 
as loDg as it causes a precipitate, in order to throw down 
most of the dissolved animal matter, which Mould otlK^r- 
wise tend to prevent the acid dktilling over, 'i'he 
precipitate is then separated from the d^^ar liquid, either 
by again filtering through maslin, or by d^fiaintatioii. 

8^. A few drops of the solution, tbuK purifwi^l from 
the greatCT portion of the organic mattf^r, may now l>e 
tested with nitrate of silver. If this cauft** a white pre- 
cipitate, soluble in ammonia, and in.sr>luble in nitric acid, 
the liquid will have to be further examined (821); since 
the precipitate may be owing to the presence of chloride 
of sodium or some other soluble chloride. But if no 
such precipitate is occasioned by the silver salt, the 
absence of hydrochloric acid may be relied on; unless, 
indeed, the solution is ammoniacal, in which case it should 
first be neutralized or slightly supersaturated with nitric 
acid. 

821. In order to prove whether the precipitate caused 



Zli 
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by nitrate of silver is owing to the presence of free 
hydrochloric acid, or of some soluble chloride, the liquid 
is to be distilled to dryness in a retort. The neck of the 
retort is to be attached by means of a perforated cork to 
a quilled receiver, the quill of which should be allowed 
to dip just below the surface of a little pure water placed 
in the flask or bottle intended for its reception. The bulb 
of the retort is to be heated in a chloride of calcium bath; 
the heat of which may be raised, towards the end of the 
distillation, to about 230°. 

822. When the whole of the liquid has distilled over, 
the contents of the receiver are to be examined, first with 
blue litmus-paper, which, if any free acid is present, will 
become reddened ; and also with nitrate of silver, which 
will give a copious white precipitate of chloride, soluble 
in ammonia, and insoluble in hot nitric acid, in case any 
free hydrochloric acid was present in the mixture, since 
such acid would distil over with the water. • 

823. A little of the distilled liquid may also be mixed 
with a few drops of pure nitric acid, and boiled for a few 
minutes with a small fragment of gold leaf. If the latter 
dissolves, it Ls an additional proof that the acid is 
hydrochloric. 

824. In examining the contents of a stomach, it must 
be borne in mind that minute quantities of free hydro- 
chloric acid are probably always present as one of the 
normal constituents of the gastric juice ; so that the 
distilled liquid may always be expected to contain some 
traces of it. The amount of the acid derived from this 
source is, however, so small, that it may readily be dis- 
tinguished from the comparatively large quantity usually 
to be found when the acid has been swallowed.^ 

SECTION II. 
Quantitative Determination of Hydrochloric Add, 

825. The chloride of silver (AgCl) obtained by adding 
nitrate of silver to the distilled acid liquid (822), is to be 

' It must be remembered that free hydrochloric acid would distil 
over from mixtures containing chlorides together with free sul- 
phuric, phosphoric, oxaVic, ox \«ceWc «LQ\d. 
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washed on a filter, dried and heated to dull redness in a 
counterpoised porcelain crucible, until it begins to fuse. 
From the weight of the chloride thus obtained, that of 
the hydrochloric acid present in the mixture may be cal- 
culated as follows : 

Ate. weight Wt. of hydrochloric acid 

of chloride Ate. wt. of hydro- Wt. of chloride in the quantity of 

of silver. chloric acid. "obtained. mixture employed. 



143.6 : 36.5 : : a 



CHAPTER X. 

KITEIC ACID (HO.NOi), 

SECTION I. 

Detection of Nitric Acid in Organic Mixtures. 

826. If any solid or semisolid organic matter is 
present in the mixture, it should be separated by filter- 
ing through muslin, having first heated it on a water- 
bath in order to effect a separation of the greater part of 
the acid present, from the solid matters which may be 
more or less impregnated with it. Should the liquid be 
thick and viscid, it may be first diluted with a little 
water. 

827. If free nitric acid is present in any considerable 
quantity in the liquid, it will probably be recognized by 
its peculiar smell ; and the characteristic yellow stain of 
the tissues with which it has been in contact is in most 
cases perceptible. The w^ant of smell, however, is no 
proof of the absence of the acid : which may still be 
present in considerable quantity, either diluted with a 
comparatively large amount of liquid, or even more or 
less completely neutralized by magnesia, or some other 
alkaline substance that may have been administered as 
an antidote. In the latter case, the liquid may be neu- 
tral, or nearly so, to test-paper. 

828. In order to detect nitric acid, the lic^uid^ after 
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filtration, may, if acid, be neutralized with carbonate of 
potash, and evaporated to dryness at a gentle heat. The 
nitric acid will thus be obtained in combination with 
potash, forming nitrate of potash, which will be deposited 
in needle-shaped crystals when most of the water is ex- 
pelled ; unless, indeed, the crystallization is prevented 
by the admixture of much animal or other matters. 

829. The greater part of the saline residue thus ob- 
tained, is to be dissolved in as small a quantity of water 
as possible, and the solution placed in four test-^^ibes, for 
the following experiments : 

(a) The first portion is mixed in a small test-tube, 
with a few drops of strong sulphuric acid ; after which 
a clean strip or two of copper, or a little roll of copper 
wire, is droppied in, and, if necessary, a gentle heat ap- 
plied. If nitric acid is present, orange fumes of nitrous 
acid will be given off, the smell of which may generally 
be recognized, even when in too small quantity to be 
apparent to the eye. 

(6) To the second portion add a few drops of hydro- 
chloric acid, and put a small fragment or two of gold 
leaf into the mixture. If nitric acid is present, the gold 
leaf will be partially or wholly dissolved ; and the pres- 
ence of gold in the solution may be proved by proto- 
chloride of tin causing with it a purple precipitate. 

(c) The third portion is to be acidified with a few 
drops of strong sulphuric acid, and as soon as the mix- 
ture is cool, a small crystal of protosulphate of iron is 
dropped in ; when, if nitric acid is present, the liquid 
round the crystal will assume a brown color, which dis- 
appears on boiling the mixture. 

(d) Mix the remaining portion of the solution with 
sulphuric acid, and add a drop of dilute sulphate of in- 
digo, sufficient to give the liquid a pale blue color. If 
nitric acid is present, the color of the indigo will disap- 
pear, especially on warming the mixture. 
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SECTION II. 

Detection of Nitric Acid in Stains on Clothing. 

830. Stains occasioned by the action of nitric acid on 
woollen cloth are usually of a brown or yellowish color, 
and, unlike those caused by sulphuric acid (817), become 
in a short time dry and extremely rotten. The yellow 
color of the nitric acid stain is changed to orange by pot- 
ash or ammonia, which will generally restore the original 
color of fabrics stained by hydrochloric or sulphuric acid. 
If recent, the acid may generally be detected in them, 
by boiling the stained part with a little water, neutral- 
izing with potash, and applying the tests mentioned in 
paragraph 829, but if any considerable time has elapsed 
since the production of the stain, it is probable that all 
traces of the acid will have disappeared, partly by evapo- 
ration, and partly by decomposition, occasioned by con- 
tact with the organic matter. 



CHAPTER XI. 

OXALIC ACID mp^CiOs)- 

SECTION I. 
Detection of Oxalic Add in Organic Mixtures. 

831. Before proceeding to apply the several tests for 
oxalic acid in the contents of a stomach, vomited matters, 
or other mixtures containing organic matter, it is ad- 
visable first to separate the latter, since its presence 
might interfere with the action of some of the reagents.^ 
If lime or magnesia has been used as an antidote, the 
oxalic acid, if present, will be either wholly or in part 
in the form of an insoluble oxalate ; so that, in that case. 



^ Separation by dialysis will be found of the greatest use in the 
case of oxalic acid. 
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it is necessaiy to boil the sediment with a solution of 
carbonate of potash, whereby the acid will be brought 
into solution as oxalate of potash (KOyC^O^; an insolu- 
ble carbonate of the earth being at the same time formed. 

832. The suspected mixture is first boiled, to insure 
the solution of the whole of the acid contained in it, and 
filtered, if necessary, from any solid residue. A solution 
of acetate of lead Is then added as long as it causes any 
precipitate, which will throw down the oxalic acid in the 
form of the insoluble oxalate of lead (PbO,C203), together 
with the greater part of the soluble organic matter. The 
precipitate thus formed is digested for an hour or two in 
dilute hydrosulphate of ammonia, and the mixture then 
evaporated to dryness on a water-bath. The lead is in 
this way separated, in the form of the insoluble black 
sulphide, from the acid ; which in combination with the 
ammonia (oxalate of ammonia), may be dissolved out 
with water, leaving the sulphide undissolved, together 
with the greater part of the organic matter. 

833. The solution thus obtained is then filtered, and 
examined in the following manner for oxalic acid : 

{a) A solution of sulphate of lime, or a very dilute 
solution of chloride of calcium, added to a portion of the 
solution, gives, if any oxalic acid is present, an immediate 
white precipitate of oxalate of lime (CaO,C203 + 2Aq), 
which readily dissolves in dilute nitric or hydrochloric 
acid, but is insoluble in acetic or tartaric acid. 

(6) If the oxalate of lime formed in a, be gently ig- 
nited on platinum-foil, it will be converted into carbonate, 
with little or no blackening. The carbonate of lime thus 
produced will be found to effervesce when treated with 
dilute hydrochloric ^cid, and if a little of it be strongly 
ignited for a short time, it will be still further decom- 
posed, and the carbonic acid exf)elled ; after which the 
residue of caustic lime will, when placed on a piece of 
moistened turmeric-paper, change the yellow color to 
brown. 

(c) Test another portion of the solution with nitrate of 
Sliver. If oxalic ae\A \ft ^\:e,^e\\i, ^ vfVvite precipitate of 
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oxalate of silver (AgOjCgOg) will be produced, which is 
soluble both in nitric acid and ammonia. If the pre- 
cipitate be dried, and gently heated on platinum-foiJ, it 
will be decomposed with a slight puflF, leaving a residue 
of metallic silver. 

SECTION II. 
Quantitative Determination of Oxalic Acid, 

834. The quantity of oxalic acid in the liquid may be 
estimated in the following manner. The solution is first 
acidified with a little acetic acid, in order to decompose 
any soluble carbonate that may be present. A solution 
of chloride of calcium is then to be added as long as it 
causes any^ precipitate: and the mixture is boiled and fil- 
tered. The precipitate, after being washed on the filter, 
is dried, and gentle ignited in a counterpoised crucible. 
It is then, after cooling, moistened with a solution of car- 
bonate of ammonia, and again heated a little below red- 
ness, in order to expel the excess of the ammoniacal salt, 
which was added for the purpose of supplying carbonic 
acid to any lime that may have been rendered caustic dur- 
ing the first ignition (8336). 

835. The oxalate of lime is thus wholly converted into 
carbonate ; which is to be weighed, and from its weight 
that of the oxalic acid may be calculated as follows : 

Ate. wt. of - Wt. of oxalic add 

Ate. wt. of car- crystallized Wt. of earb. lime in the quantity of 
bonate of lime, oxalic acid. - obtained. liquid employed. 
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CHAPTER XII. 

HYDROCYANIC (OB PBUSSIC) ACID (HCy). 

836. The presence of hydrocyanic acid, even when 
largely diluted, may usually be detected by its i)eculiar 
and characteristic odor, somewhat resembling that of 
oil of bitter almonds. Great caution is necessary not to 
inhale more than the smallest c\uarvtity of t\v^ N^'^'t^ 
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since headache and other unpleasant symptoms may be 
occasioned by merely smelling it, even when in a highly 
diluted state. 

837. It must be remembered, in cases of suspected 
poisoning with this acid, that no time should be lest in 
applying the tests for its presence^ since it rapidly vola- 
tilizes, and, unless carefully protected from the air, dis- 
appears entirely in the course of a few days. The facil- 
ity with which the acid is decomposed when in contact 
with putrefying organic matter also prevents its detection 
after some time has elapsed. 

SECTION I. 
Detection of Hydrocyanic Acid in Organic Misciures, 

I. Detection of the Acid in the state of vapor, 

838. Very small traces of the acid may be detected by 
one or other of the following tests, which may be readily 
applied to any liquid or mixture suspected to contain it. 
There is also this advantage in being able to identify it 
without going through the process of distillation at a 
higher temperature, viz., that while the tests for the 
vapor which I am about to describe are equally or even 
more delicate than those for the liquid after distillation, 
the chances in favor of the spontaneous formation of the 
acid by the decomposition of the organic matter are 
greatly diminished. 

839. A little of the mixture suspected to contain the 
poison, slightly acidified, if neutral or alkaline, with 
dilute sulphuric acid, may be placed in a watch-glass/ 
over which another similar watch-glass is to be inverted, 
having been previously moistened with a drop or two of 
a solution of nitrate of silver, care being taken that none 
of the latter is allowed to run into the lower glass. The 

■ ■■■■ — — — -_■- 

^ Since, in medico-legal in vestierations, it is not desirable to trans- 
fer the liquid from one vessel to anotliMr if it can be avoided, it is 
better to invert the watch -ghissos nnoistened with the reagents over 
the moutli of the bottle in which the contents of the stomach, &c., 
have been placed as soon as removed from the body. Of course, 
pieces of glass might be used ma\.e«Ld of watch-glasses. 
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glass containing the suspected solution is then very gently 
warmed by holding it in the hand ; when, if any hydro- 
cyanic acid is present, it will volatilize into the upper 
glass ; where, on coming in contact with the silver solu- 
tion, it will form a white film of cyanide of silver (AgCy). 
This test is very delicate ; but as a somewhat similar 
effect might be produced by hydrochloric acid, it is 
always advisable to confirm the result by the following 
experiments : 

840. A little of the suspected mixture, previously 
acidified, if necessary, with a little dilute sulphuric acid, 
is put into a watch-glass, over which is placed another 
glass moistened with a drop or two of solution of potash. 
The hydrocyanic acid, if present, gradually evaporates 
into the upper glass, where it combines with the potash, 
forming in solution a little cyanide of potassium. This 
is then mixed, first with a drop of a solution of proto- 
sulphate of iron (which should have been exposed to the 
air for a short time, so as to have become partially con- 
verted into the persulphate),^ and afterwards with a drop 
or two of dilute hydrochloric acid, which should be 
added in slight excess. Should any hydrocyanic acid 
have been present in the mixture, a blue precipitate of 
Prussian blue will be immediately formed, the appear- 
ance of which may be considered as a sure proof of the 
existence of the acid. This experiment is commonly 
known as Schede^s or the iron test. 

If the hydrocyanic acid be present in small quantity, 
no precipitate of Prussian blue will be seen at first, but 
a green liquid will be formed which will deposit fiakes 
of Prussian blue on standing. It is always desirable to 
compare the result with that obtained by mixing together 
in another watch-glass, the potash, iron-salts, and hydro- 
chloric acid in the same proportions as were employed 
in the test. 

841. The following test, commonly known as Liebig^s 
teat, which is perhaps the most delicate of all, may also 
be applied. A little of the suspected fluid slightly acidi- 



1 Or a drop of perchloride of iron may be added as well as the 
protosulphate. 
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fied, if necessan', is put into a watch-glass as before, and 
over this another watch-glass is inverted, containing a 
drop of hydro^ulphate of ammonia, which for this par- 
pose should contain an excess of sulphur, and conse- 
quently have a yellow color. The glasses may be allowed 
to remain together for about a quarter or half an hoar; 
after which the upper one is removed and placed on a 
water-bath, until the hydrosulphate of ammonia is evapo- 
rated to dr>'ness. Should anv hvdrocvanic acid have 
been present in the liquid, some of its vapor will have 
combined with the hydrosulphate, with which it would 
form sulphocyanide of ammonium. The residue left 
after the evaporation of the drop is now to be moistened 
with a dilute solution of persulphate or perchloride of 
iron ; which, in case any sulphocyanide of ammoDiam 
had been formed, or, in other words, in case any hydro- 
cyanic acid had been present in the suspected mixture 
will immediately produce a blood-red color, owing to the 
formation of sulphocyanide of iron. This color is 
bleached by perchloride of mercury (corrosive subli- 
mate), and is thus distinguished from that caused by 
acetate or meconate of iron. 

II. Detection of Hydroeyanic Acid in solution. 

842. The mixture suspected to contain the poison is to 
be distilled in a retort heated on a water-bath, the re- 
ceiver being kept cool by immersion in cold water, or 
in a freezmg mixture composed of ice and salt, or of 
equal weights of nitrate of ammonia and water. When 
about one-eighth part of the liquid has passed over into 
the receiver, the distillation may be stopped. Should 
the mixture, previous to distillation, be neutral, or at all 
alkaline to test-paper, it should be slightly acidiiSed with 
dilute sulphuric acid, in order to disengage the hydro- 
cyanic acid from the ammonia, or other bases which may 
be present, and which would tend to prevent the distil- 
lation of the acid at the low temperature employed. 
The presence of hydrocyanic acid in the distilled liquid 
may be ascertained by the following peculiarities : 

843. Unless the quantVty o^ s^d^ ^ N^t^ minute, the 
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1 For Ihid excellrnt te^t we are iiuiobtod to MM. Honry and 
Humbert. 
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849. Add to a little of the distilled liquid in a test- 
tube, first a little solution of potash ; then a drop or tuvo 
of a solution of protosulphate of iron, containing also a 
little persulphate (840); and lastly, a slight excess of 
dilute hydrochloric acid. If the liquid contains .hydro- 
cyanic acid, a precipitate of Prussian blue will be imme- 
diately produced ; or if only a small trace is present, a 
few hours may elapse before it becomes apparent. 

850. Mix another portion of the distilled liquid with 
a few drops of yellow hydrosulphate of ammonia, evap- 
orate the mixture to dryness on a water-bath, and test as 
in 841. 

851. The evaporation to dryness in this experiment is 
necessary, in order to expel the excess of hydrosulphate 
of ammonia ; which would otherwise form with the iron 
solution a black precipitate of sulphide, and thus obscure 
the appearance of the characteristic red color.* During 
the evaporation the heat must be kept very moderate, 
lest any of the sulphocyanide of ammonium that may be 
formed by the action of the hydrocyanic acid on the 
hydrosulphate should be decomposed. 

SECTION II. 

Quantitative Determination of Hydrocyanio Add. 

852. The quantity of hydrocyanic acid contained in 
an organic mixture may be ascertained with sufficient 
accuracy for most purposes by distilling the acid (842), 
and precipitating the distilled liquid by means of nitrate 
of silver. The precipitated cyanide of silver is washed 
and dried in a hot water oven until it ceases to lose 
weight. From the weight of the cyanide thus obtained, 
that of the anhydrous hydrocyanic acid (HCy) may be 
calculated as follows : 

Ate. wt. Ate. wt. of Wt. of eyanide Wt. of hydrocyanic 

of cyanide hydrocyanic of silver acid in the quantity of 

of silver. acid. obtained. mixture employed. 



134 : 27 : : a : x 



Which may stiW be TenAeied ft\\d<irkt by filtering the liquid. 
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CHAPTER XIII. 

OFITIM. 

853. Of the several compounds contained in and pe- 
culiar to opium, two only, morphia (Cg^HigNOg) and me- 
conic acid (SHOjCi^HOn) are possessed of sufficiently 
characteristic properties to enable us to identify them 
when mixed with other matters ; the tests for these sub- 
stances, moreover, are not particularly delicate, so that 
it is difficult, and not unfrequently impossible, to detect 
small traces of them. In cases of poisoning with opium 
it is seldom that any traces of it can be found in the 
contents of the stomach ; so that the tissues of the stom- 
ach itself, the intestines, and also any vomited matters, 
ought to be carefully examined for the poison. 

Detection of Opium in organic Mixtures, Tissues, &c, 

854. If the substance to be examined is liquid or semi- 
fluid, it should first be evaporated to dryness, or nearly 
so, on a water-bath. If solid, the suspected substance 
may be cut into thin slices. The residue left after evapo- 
ration, or the sliced solid matter, as the case may be, is 
then to be digested for an hour or two, with the aid of a 
gentle heat, in a flask or dish placed on a water-bath, 
with a small quantity of water containing a little acetic 
acid. The mixture is filtered, and the clear liquid, con- 
taining a slight excess of acetic acid, is treated with a 
solution of acetate of lead {PbO,C^H^O^ as long as any 
precipitate is produced. The meconic acid, if present, is 
thus thrown down in combination with oxide of lead, 
forming meconate of lead (3PbO,Ci4HOii) ; while the 
morphia remains in solution in combination with acetic 
acid (acetate of morphia), together with any excess of 
acetate of lead that may have been employed. The 
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mixture is warmed (not boiled, since by boiling some of 
the meconic acid might become decomposed) and, when 
again cold, is filtered. 

855. The clear solution may first be examined for 
morphia ; reserving the precipitate for subsequent exam- 
ination. 

856. ^ current of hydrosulphuric acid (sulphuretted 
hydrogen) is passed through the solution, until the latter 
smells distinctly of the gas, in order to decompose the 
excess of acetate of lead. The precipitated sulphide of 
lead is separated by filtration from the solution ; which 
latter, after boiling, and if necessary concentrated by 
evaporation, is to be examined for morphia by means of 
the following tests : 

857. Place a drop or two of the concentrated solution 
on a strip of glass, and add a drop of ammonia. The 
morphia will be precipitated in the form of minute 
needle-shaped crystals, which may be examined under 
the microscope. 

858. Mix a small quantity of the solution in a test- 
tube or watch-glass, with enough solution of carbonate 
of soda to give it a decided alkaline reaction, and stir the 
mixture with a glass rod, rubbing the sides of the vessel. 
A crystalline precipitate of morphia will be deposited on 
standing, especially upon the lines of friction. Should 
the carbonate of soda produce an immediate flocculent 
precipitate (of the phosphate or carbonate of lime, for 
example), this should be filtered off* immediately, before 
the solution is stirred with the glass rod, and should be 
reserved for further examination. 

859. If any crystalline precipitate has been produced by 
the carbonate of soda, it must be collected upon a small 
filter (reserving the filtered liquid) and wash^ with very 
small quantities of cold water as long as the washings 
are decidedly alkaline (these washings are to be mixed 
with the filtered liquid). The filter is then carefully 
spread out upon a glass plate, and a drop of solution of 
perchloride of iron placed, with a glass rod, upon a part 
of the precipitate ; if morphia be present, an indigo-blue 
color will be produced. Another particle of the precipi- 
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tate may be touched with a drop of a strong nitric acid, 
wliich tinges morphia of an orange red color.* 

860. The solution^ in which carbonate of soda has not 
caused any crystalline precipitate, or which has been fil- 
tered from the precipitate, is now evaporated to dryness 
on a water-bath, and heated with alcohol, which would 
dissolve the morphia ; on filtering the solution and evapo- 
rating to dryness on the water-lmth, the morphia will be 
left, and may be tested as in 859. 

861. The flocculent precipitate produced by carbonate 
of soda (858) may be examined by washing it with a 
little hot alcohol to dissolve the morphia, which may then 
be separated by evaporation and tested as in 859. 

862. The precipitate, supposed to contain meconate of 
lead (854), is now to be mixed with water in a beaker 
glass; and while suspended in the liquid, treated with a 
current of hydrosulphuric acid, the mixture being stirred 
occasionally. The meconate of lead is thus decomposed; 
the black sulphide of lead being precipitated, while the 
meconic acid, if present, remains in solution. The mix- 
ture is filtered to separate the sulphide of lead, and the 
clear liquid is gently warmed (not boiled (854);) in order 
to expel the excess of hydrosulphuric acid; and, if neces- 
sary, concentrated by evaporation on a water-bath; The 
meconic acid, if present in suflBcient quantity, may then 
be detected by the following tests : 

863. A solution of perchloride of iron gives the liquid, 
in case meconic acid is present, a bright red color, owing 
to the formation of meconate of iron. The color closely 
resembles that caused in solutions of iron by the sulpho- 
cyanides, from which it may be distinguished by not 
being decolorized by a solution of bichloride of mercury 
(841). It is, however, destroyed by boiling nitric acid, 
chloride of tin, and the caustic alkalies. 

864. Solutions of acetate of lead, chloride of barium, 
and nitrate of silver, produce white precipitates of me- 
conates, which are all soluble in an excess of nitric acid, 

1 Concentrated sulphuric acid, to which 004 per cent, of nitric 
acid (NOj) has been added, gives a violet purple color when gently 
heated with morphia or the hydrochlorate (Erdmann). 

* If possible the solution should be set aside for some hours in 
order to allow the morphia to crystallize out 
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CHAPTER XIV. 

STRYCHNIA. 

865. Strychnia (C42H22N2O4) is the poisonous alka- 
loid contained in nux vomica and other plants of the 
strychnos tribe. Although a very minute quantity of 
strychnia is sufficient to cause death, the symptoms to 
which it gives rise are usually so well marked, and the 
tests by which it may be recognized are so cfharacteristic 
and delicate, that less difficulty is experienced in deciding 
upon the question of its administration than in the case 
of most other vegetable poisons. 

Detection of Strychnia in Organic Mixturea, Tissues j &c» 

866. The matter under examination, which, if solid,' 
should be cut into shreds or slices, is digested, for about 
an hour, in a dish placed upon a water-bath, with dilute 
hydrochloric acid (1 part of the strong acid with 10 parts 
of water). The solution is then rendered pretty clear by 
filtration through muslin, or paper, evaporated on a water- 
bath to as small a bulk as convenient, and rendered 
strongly alkaline by solution of potash. The alkaline 
solution is poured into a narrow stoppered bottle, and 
shaken with about an equal volume of ether for several 
minutes; on standing, the ether will rise to the surface, 
holding the strychnia in solution. The ethereal layer 
is drawn off with a small siphon or pipette, and evapo- 
rated to dryness in a small capsule placed on the water- 
bath. Very minute particles of the solid residue may 
then be taken on the point of a knife, and examined for 
strychnia by the following tests : 

867. The extremely bitter taste of strychnia is per- 
ceptible even when a very minute quantity is examined. 

868. A particle o? tYve ^w^^^tied substance is placed 
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CHAPTER XV. 

KICOTIA. 

871. The poisonous oily alkaloid of tobacco, nicotia, 
or nicotin (CioH^N), has occasionally been employed 
with criminal intention, but it is much less likely to be 
met with than morphia or strychnia, on account of its 
very powerful and characteristic odor. 

Detection of Nicotia in Organic* Mixtures. 

872. This alkaloid may be extracted by a process 
similar to that followed in the case of strychnia (866), 
viz., by digesting the mixture with dilute hydrochloric 
acid, liberating the alkaloid by means of potash, and 
removing it from the aqueous solution with ether. On 
allowing a few drops of the ethereal solutidh to evapo- 
rate spontaneously, impure nicotia will be left, and may 
be recognized by its pungent odor recalliqg that of ti- 
bacco. In order to obtain the nicotia in a pure state, 
the ethereal solution must be shaken with water mixed 
with about one-fifth of sulphuric acid, which dissolves 
the nicotia in the form of sulphate. The ether is then 
poured off, and the aqueous solution of sulphate of nico- 
tia is shaken with a little more ether to remove any fetty 
matters which may be present. It is then rendered alka- 
line by potash, and again shaken with ether, the ethereal 
layer containing the nicotia being afterwards allowed to 
evaporate spontaneously, when oily drops of nicotia are 
left, and may be recognized by the smell, especially when 
gently heated. If ammonia be present, it may be removed 
by exposing the nicotia under an exhausted receiver con- 
taining a dish of strong sulphuric acid. * 
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CHAPTER XVI. 

DETECTIOH OF PHOSPHOBUS UT CASES OF POISOHIKG. 

873. The comparative frequency of accidental poison- 
ing by phosphorus matches' in the hands of children, to- 
gether with the circumstance that a phosphorus poison 
for vermin is now in very common use, render it neces- 
sary that the medical chemist should be able to obtain 
evidence of its presence in organic mixtures. If possible 
the vomited matters should be especially examined, as 
they have been found to contain the largest proportion 
of phosphorus. 

874. If the substance to be examined has not been 
long exposed to the air, it may still contain phosphorus 
in the free state, but in most cases oxidation will have 
converted the phosphorus into phosphorous acid (PO3), 
or possibly Iveu into phasphoric acid (PO5). Since this 
last is a normal constituent of the body and of the food, 
it would afford no evidence of the administration of 
phosphorus, but fortunately, unless after prolonged ex- 
posure, either phosphorous acid or phasphorus itself can 
be detected whenever this element has been taken into 
the system. 

875. The organic matter should first be examined as 
to its odor, that of phosphorus being very characteristic, 
and as to its luminosity in the dark. It should also be 
carefully looked over to ascertain if any solid particles 
of the phosphorized composition can be detected. 

876. The suspected matter is then placed in a flask, 
and acidulated with dilute sulphuric acid, a little water 
being also added if necessary. The flask is connected by 
means of a cork with a bent glass tube pa^^sing through a 
wide tube (h'aving a perforated cork at each end) through 
which a stream of cold water can be kept trickling. On 
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applying a moderate heat to the flask, in a darkened 
room, the condensing vapors should exhibit a phospho- 
rescent appearance. The liquid which distils over may 
possibly contain white finely divided phosphorus. If it 
be at all turbid it should be shaken, in a tall vessel, with 
bisulphideof carbon, which will dissolve the phosphorus 
and sink to the bottom. On allowing the bisulphide of 
carbon to evaporate spontaneously, it will leave the phos- 
phorus, often in a spontaneously inflammable condition. 
If no free phosphorus has been detected, both the distilled 
liquid and that remaining in the flask must be examined 
for phosphorous acid by the following process : 

877. The liquid to be tested having been acidulated 
with sulphuric acid, is placed in a flask, together with a 
few fragments of pure zinc. A cork with a bent tube is 
then attached so that the evolved hydrogen may be passed 
through a solution of nitrate of silver. A strip of filter- 
paper moistened with nitrate of silver may also be sus- 
pended some distance above the surface of the liquid in 
the flask. Should any inconvenience be caused by the 
frothing, a little alcohol may be poured upon the surfeoe 
of the liquid. If any phosphorous acid be present, phos- 
phuretted hydrogen (PH3) will be evolved, ^d will pro- 
duce a dark precipitate in the solution of nitrate of silver, 
and a mingled gray and yellow stain upon the filter-paper, 
which will become bright yellow when dipped into a little 
strong nitric acid. (Sulphuretted hydrogen would merely 
blacken the nitrate of silver, and the stain would be dis- 
solved by the acid without turning yellow.) The dark 
precipitate (phosphide of silver, AggP) is collected upon 
a small filter, washed, dissolved in a little hot nitric acid, 
and the solution evaporated to dryness. On adding a 
little water, and a trace of ammonia upon the end of a 
glass rod, the yellow precipitate of phosphate of silver 
(SAgOjPOg) will be produced. The characteristic odor 
of phosphuretted hydrogen should also be looked for in 
this experiment. 
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CHAPTER XVII. 

DETECTION OF ALCOHOL IN OBOAKIC MIXTUBES. 

878. In cases where alcohol (C^HgOj) in any form 
has been taken shortly before death, it may generally be 
detected in the contents of the stomach. The odor hav- 
ing been carefully noticed, the organic matter, mixed 
with a little water if necessary, should, if acid, be ex- 
actly neutralized with potash, and distilled, by the heat 
of a water-bath, in a flask or retort connected with a 
tube carefully cooled in order to condense the vapors. 
When a sufficient quantity of the liquid has distilled 
over, it may be examined for alcohol by the following 
tests: 

879. Observe whether it has the smell and taste of 
alcohol. Dip a glass rod into it and see if it will burn. 

880. Mix a small portion with dilute sulphuric or 
hydrochloric acid, and add a drop of solution of bichro- 
mate of potash (KO,2Cr03). On applying heat to the 
mixture, the presence of alcohol would be indicated by 
the change of the orange color of chromic acid (CrOg) 
into the green of oxide of chromium (CrjOg) and by the 
odor of aldehyde (C^H^Og) at the mouth of the tube. 

881. The remainder of the alcoholic distillate may be 
placed in a tube, and dry powdered carbonate of potash 
added to it, in small portions as long as it is dissolved. 
The water will be thus taken up by the carbonate of 
potash, and the alcohol will rise to the surface, and will 
now be found to be inflammable, although it may have 
been too much diluted when previously tried. 



V^^l A80T»e distaj .^coov ^vxtcA ^ resent, V 
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CHAPTEE XYIL 
BBXKznni or auvhol nr 9mbmmic juxTUUi. 

878. ly cases where alcrJiol Cfl/)^} in any form 
has been taken shortly betore d^^ch. it mav e^i^rrallv U: 
detected in the coatenc? of the -trrfn^+i. 'Hx^ ^i'lor hav- 
ing been caiefhlly nocieni. th^ orvani^r mafr/:f. tulxfA 
"with a little water if ne*»frarv. •JthTjU-A, if iuifl, \/fz t-.x- 
aetly neotialized with poca?;h. arirfl dl<il[^l, by th^: h*raf 
rfa water4)ath; in a flaak or r*:trirr. ^:r,ur^^tr/^l '*ifh a 
tube carefhlly efwAed in orrl^ v^ ^:r,ri/Wi.*^ *t»^ vaf/»f>. 
When a sufficient ^joantity of *'l'i^ l>+'ii/l lr*a.* f\\*u[\M 
OTer, it mav be examin^ tor tiWifjij'A f**r tcjz fr/llo*;/*^ 
tests: 

879- Oheerve wh^thftr h i-ji;* •!'>: -•rr^n, *r/J •^«^^/' ^/ 
aloohcd. Dip a gldifj^ rr/i Ir**/* > i.vl »4^'. ,i *. *,,, vt/'ri, 

880. Mix a *Tnan pr,rr>ir* vrirt -li, ■■*.•/; »u,tA,^;t.r ^f 
hvdroefalonc a#!iri. anrl ariri x ^/^■> of *#',•,,•. or. of 0'yn<»o 

mate of {MfCai^ VSyjf.i^f,^, ^ k, ^pt''-/"'*/ ^^^^ *'' ^'-'^ 
mixtnie^ the pr?ften#* '.f *«#v,ry/ »o«.yi ^/^ .u\j'^in\ v/ 
thediai^ of dieoran^ '*r,'X?» of n^f'/i<,^, ;</*/J ^^^^'o 
into the gR^n of OT>i^ of '^r./O'-i-^ .,,v» ^ -ff p^, ^''/l o-/ *r,/^ 
odor of aldeh^'ie ^Jf//- *r V.-* .'^y/,Vr of 'o^ ,,//. 

881. Tk raiuiiaiVr of *A<* %^f^j,\ / ^.tf^^,/**/ ^/^^ v- 
placed in a ta-v*;, *nrt 'tr* v-**"^.^^^^' ^.^^^'a-'vh;/ of v/^^fr 
added to ir. ia Hn^ti,. 'yjf^'t,f\u ii*f Any >»«/ ^ ^y /:.*/y/,. f*^f\ 
The wac^ '»fA -^ ^v^i» ♦A.^'^n v-> v/ '''■<* ^.^y*//f^f/. *4 
poiaeh« as^ *rtwt *.**r.«#',» r ♦■«//^ /, /i^ o^^^/a ^/,/; »/ , 

now b^ ^iWt V\ -^ .Jltfs^rJ^ riHl^^^ <.':-//,*/'. ".4/ '4/'. 

been trxi' 3iiv!ii ^i,iirii»^ •••i/.m y^''^/^- ; /♦/./, 
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CHAPTER XVIII. 

GENEBAL SYSTEMATIC COUBSE FOB THE DETECTIOH OF 
POISONS IN OBOANIC MIXTUBES. 

882. Although it rarely happens that an organic^^ ^ 
mixture is submitted to examination without some clu^^ ^^ 
which enables the chemist to limit the inquiry to a verj^^^'7 
few poisons, still such a case should be provided for, ancz^^^^ 
it is here proposed to give an outline of a systematic -M ic 
course for the detection of the leading poisons, iu threc^^^^^ 
divisions, referring to cases where (1) the poison is be-^^^* 
lieved to be metallic, (2) it is believed to be an organic '*^^}^ 
poison, and (3) nothing whatever is known about it#" ^t. 
Alcohol, phosphorus, opium, and hydrocyanic acid wiMI -MiW 
not be included in this course, since they at once affor^^'^^arcf 
indications of their presence, and may be detected acz»»'-C' 
cording to the directions already given. 



THE POISON IS BELIEVED TO BE METALLIC. 

Examination for Arsenic, Antimony, Merctiry, Copper'^ 
Lead, Zinc, Barium, Silver, BismiUh. 

883. The solid portions of the mixture having been 
as finely divided as possible, with a sharp knife or scis- 
sors, the whole is heated (for about an hour) in a porce- 
lain dish placed upon a water-bath, with a mixture of six 
measures of water and one of hydrochloric acid,^ to which 
chlorate of potash is added by degrees, with constant 
stirring, until the solid has disintegrated, and the liquid 
is sufficiently thin for filtration. It is then filtered, the 
insoluble part is washed several times with water (the 



^ If there be much liquid, loss water must be added so that the 
&cid may form about a Bix.th ot* tho whole. 
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^^lings being mixed with the filtrate), and is then set 
•^^e for further examination (892). 

S84. The filtered liquid is evaporated on a water-bath, 
' «^ small bulk, and subjected to electrolysis as directed 
^ '75S, After the passage of the current has been con- 
^^ed for about an hour (during which the exit-tube has 
^^n heated in order to detect arsenic and antimony) (753, 
^ C), about half a drachm of a strong solution of washed 
^Iphurous add is poured down the funnel-tube; the exit- 
^V)e having been first clianged if any deposit should 
^ve been formed in it. 

885. After the current has passed for another half 
Our, the electro-negative platinum plate is removed 
X)m the decomposing cell, without suspending the cur- 
ftnt, and washed with a little distilled water. The liquid 
fX the cell is reserved for subsequent examination (888). 

886. The appearance of the deposit upon the electro- 
Legati ve plate having been carefully observed, it is boiled 
v^ith a little dilute yellow hydrosulphate of ammonia, 
v-hich will dissolve the antimony, to be detected in the 
olution according to 763 (c). 

887. The plate is again well washed, and boiled with 
lilute nitric acid. The solution is boiled down (in a 
:est-tube) to a very small bulk, and mixed with an ex- 
cess of ammonia. The presence of copper will be indi- 
cated by the blue color. Hydrochloric acid is very care- 
^lly added till the solution Ls slightly acid, and it is then 
lai^ely diluted with water. A milkiness will be pro- 
duced if bismuth be present. The liquid is again evapo- 
rated to a small bulk, rendered clear by adding a little 
hydrochloric acid, and boiled with a strip of bright 
copper, to detect mercury (770, 771). In case any 
mercury should have been left upon the platinum in the 
form of sulphide, the plates may be again boiled with 
dilute nitric acid and a drop of hydrochloric acid (taking 
care not to dissr>l ve much of the platinum). The solution 
is boiled down to a small bulk, mixed with excels of 
ammonia, then with hydrochloric acid in excess, and 
boiled with copper. 

888. The liquid which has been subjected to electro- 
lysis (885) is now evaporated at a moderate heat, until 
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the organic matter is so far carbonized that a small por — -rir- 
tion, when diluted with water, and filtered, yields ^ a 
nearly colorless solution. The whole is then mixec^^^^d 
with a few drops of hydrochloric and nitric acids, heatec^^^ed 
to boiling, again diluted and filtered. The carbonaceou 
residue is washed and reserved for further examinatioi: 
(891). 

889. The filtrate and washings are saturated with suf 
phuretted hydrogen, boiled, again saturated with sulphirj 
retted hydrogen and set aside in a warm place, in 
covered vessel, for several hours. Any precipitate, e:!^z 
cept sulphur, which may have been deposited, is filters 
offf washed, and examined for metals according to tW 
general method followed in qualitative analysis. 

890. The solution filtered from this precipitate 
evaporated to a small bulk, and mixed with an ex 
am monia. If this should produce a precipitate (genera 
consisting of earthy phosphates or peroxide of iron), i 
filtered off, and the solution mixed with a little hyd 
sulphate of ammonia to precipitate any zinc as sulphL 
which may be tested by the blowpipe (803c).^ 

891. The carbonaceous residue from 888 is driec^^ 
incinerated, and examined together with the other incine- 
rated residue from 883. 

892. The residue left undissolved by hydrochloric 
acid and chlorate of potash in 883 is dried and incinerated 
at a low red heat. The ash is mixed with that obtained 
in 891, and boiled with nitric acid diluted with two 
volumes of water. The solution is filtered and examined 
for metals as usual in qualitative analysis. 

893. Any portion of ash left undissolved by the nitric 
acid is washed, dried, and, if still retaining any carbon, 
again incinerated. The residue which might possibly 
contain barium (as sulphate), silver (as chloride), and 

^ If this precipitate is very dark and impure, it must be dis- 
solved in a mixture of hydrochloric and nitric acids, the solution 
evaporated to dryness, the residue heated till all organic matter is 
destroyed, and dissolved in nitric acid. The solution is mixed with 
excess of ammonia, filtered, if necessary, and tested with hydro- 
sulphate of ammonia. 

^ A small charcoal fire will be found very convenient in these 
incinerations. 
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(as sulphate), is fiised with three or four parts of 
'^^bonate of soda in a porcelain crucible. The fusoil 
^ass having been boiled with water, the residue is waslunl 
^^U the washings leave nothing on evaporation, and dis- 
^^Ived in hot dilute nitric acid. The nitric solution is 
■^•^ted (1) for silver with hydrochloric acid, wliicJi would 
^Ve a white precipitate, soluble in ammonia (2), lor 
^^rium with sulphate of lime (white precipitate^ ) and 
inydrofluosilicic acid (white crystalline precipitate), (3) 
^or lead with dilute sulphuric acid (white granular 
\)recipitate), and hydrosulphuric acid (purplish-black 
5>recipitate). 

THE POISON IS BELIEVED TO RE OU(fAXr(\ 

Examination for Oxalic Acid, ilorphiuy /^fn/chnia, 

Nicotia, and Conia, 

893a. The organic mixture, of which the sol id, portions 
have been as finely divided as possible, is digested in 
water acidulated with hydrochloric acid, for an hour or 
two, in a dish placed upon a water-bath. The solution 
is then filtered, first through muslin, and afterwards 
through paper, and evaporated upon the water-bath to a 
small bulk. 

894. A small portion of this solution is tested for 
oxalic acid by adding a little chloride of caliMuni, then 
ammonia in excess, and finally, acetic acid in excess. If 
any white crystalline precipitate of oxalate of lime be left 
undissolved by the acetic acid, the larger portion of the 
solution must be examined for oxalic acid according to 
Chapter XI. 

895. The remainder of the solution from 893a is hmi- 
dered pretty strongly alkaline by potash, and shakcMi 
with four or five times its volume of ether." After 



^ If this precipitate be coUectod on a filter, well washed, and 
heated on a platinum wire moistened with hydrochloric acid, in the 
inner blowpipe flame, it will tinge the outer flame bgght green. 

* Uslar and Erdmann have recommended amylic alcohol as a 
solvent for the poisonous alkaloids, but the advantage with which 
its employment in certain cases may be attended is in great measure 
counterbalanced by the very disagreeable and injurious character 
of its vapor. 
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loids, must be dissolved in hydrochloric acid, mixed with 
the original organic matter left undissolved by the hydro- 
chloric acid (893a)y and the examinati<Hi for metaHic 
poisons proceeded with as in 883. 



CHAPTER XIX. 

8EFAEATI0V OF P0IS0V8 FBOK OBeAVIC KIXTUBSS BY 

DIALYSIS. 

899. The important observation made by Mr. Graham 
that crystallizable bodies vriW pass in a state of solution 
through membranous and other diaphragms which will 
not permit the passage of the amorphous substances 
composing the bulk of most organic mixtures, has been 
applied by him to the separation of poisons. As the 
process is very simple, easy of execution, and does not 
involve any operations which would interfere with the 
subsequent application to the same mixture 

of any other process for the separation of the ^^^ ^^• 
poison, it will probably come into very gen- 
eral use in medico-legal investigations. 

This process is, indeed, a refined filtration, 
and is applicable instead of that operation, in 
all the steps of the separation of poisons 
from organic mixtures, with this very great 
advantage, that it removes not only sub- 
stances mechanically suspended in the liquid, 
as is the case with filtration, but also coloring matters, 
albuminous substances, &c., which so interfere with the 
application of tests to the liquid obtained by filtration. 

900. A circular piece of parchment-paper^ (see note 
to p. 284) is folded, as in preparing a filter, into a cone, 
which should be at least twice as large as is necessary to 
contain the mixture under examination. This cone is 
placed in the mouth of a cylindrical jar (Fig. 82), (a 




^ This should have been well soaked in distilled water, and dried 
before use. 
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beaker or common tumbler), filled nearly to the bri 
with distilled water, the volume of which should 
about eight times that of the organic mixture. 

901. The solid portion of the organic matter havi 
been cut up, and, if it be thought necessary, a lit 
water having been added to thin the mixture, it may 
poured at once upon the cone of parchment-paper 
ranged as above directed. The whole may then be c 
ered with a bell-gla.ss, or placed in a secure cupboa. 
and left for as long a period as can be conveniens 
allowed to elapse, if possible, for at least forty-ei 
hours. The diffusate, as the liquid in the glass is terirm. 
may then be evaporated to a small bulk and examixicE? 
for the poison by the appropriate methods, whilst ±Ti 
organic mixture remaining upon the cone or dialysermsxj 
be subjected to the ordinary processes for the separatioi? 
of poisons from organic matter. 

902. Of course, in cases where there is reason to sus- 
pect the presence of hydrocyanic acid, alcohol, or phos- 
phorus, it would not be prudent to subject the mixture 
to dialysis until at least a portion of it had been exam- 
ined for those poisons. 

903. If time could be spared, it would evidently be 
desirable to dialyze the organic mixture at first without 
any addition (except water), since not only would all 
question of impurity in the reagents be avoided, but a 
knowledge of the state of the poison, whether soluble or 
not, would be thus gained, which might, in many cases, 
prove of great service. The mixture might then be 
dialyzed a second time after digestion with the proper ' 
solvent, such as hydrochloric acid, or that acid with the 
addition of chloride of potash.^ 



^ The editor has obtained most satisfactory results by this pro- 
cess in separating arsenious acid, strychnine, morphine, opium, and 
oxalic acid (as oxalate of lime). The arsenious acid was separated 
in some cases by simply dialyzing the organic mixture, in others 
by digesting with hydrochloric acid anddialyzing, and in others by 
first digesting with hydrochloric acid and chlorate of potash. In 
all cases the difTusate was colorless. 
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WEIGHTS AND MEASUEES. 

Th-oy or Apothecaries^ Weight. 



Pound. Oimces. Draclima. Scruples. Grains. 


French Granunes. 


1 12 


96 — 288 — 5760 




372.96 


1 — 


8—24—480 




81.08 


• 


1 -_, 3 = 60 




3.885 




1 — 20 




1.295 




1 




0.0647 




Avoirdupois Weight, 






mnd. Ounces. 


Drachms. Grains. 


French Granunes. 


1 == 16 = 


256 — 7000 




453.25 


1 = 


16 — 437.5 




28.328 




1 — 27.343 




1.77 




Imperial Measure. 






Gallon. Pints. 


Fluid Ounces, Fluid Diacbms. 


Minims. 


1 — 8 


— 160 — 1280 




76800 


1 


= 20 — 160 




9600 




1 — 8 




480 




1 




60 



Weight of Water at 62°, contain^ in {he Imperial Gallon^ ^c. 

Grains. 
Imperial gallon, ....==... 70000 
pint. 



1 
1 
1 
1 
1 






fluid ounce, 
fluid drachm 



minim, 



8760 
487.5 
54.7 
0.91 



Cubic Inches contained in the Imperial QalUm^ ^c. 



1 Imperial gallon, . . , 
1 " pint, . . . 
1 " fluid ounce, 
1 '' fluid drachm, 
1 " minim, . . 
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Cubic Inches. 
277.276 
34.659 
1.782 
0.2166 
0.0036 
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FRENCH WEIGHTS AND MEASURES. 



Millimetre 

Gen ti metre 

Decimetre 

Metre 

Decametre 

Hecatometre 

Kilometre 

Myriometre 



Cabic Centimetre 1 



or Millilitre 
Centilitre 
Decilitre 
Litre 
Decalitre 
Hecatolitre 
Kilolitre 
Myriolitre 



/ 



Measures of Length. 

English Inches. 
.08987 
.89871 
8.98710 
39.87100 Mu. Fur. 
898.71000 = 
8987.10000 =0 
89871.00000 =0 4 
898710.00000 =6 1 

Measures of Oapaciti/. 



YdA, 
10 
109 
218 
156 




Cubic Inches. 
0.6102 

.61028 

6.10280 

61.02800 

610.28000 

6102.80000 

61028.00000 

610280.00000 



English Imperial Measure. 
GaL Pints. F.oz. P. dr. 











2 

22 

220 

2200 





1 
1 


7 






8 

16 

12 

1 

12 
18 



1- 




Milligramme = 

Centigramme = 

Decigramme = 

Gramme = 

Decagramme = 
Hecatogramme == 

Kilogramme = 

Myriogramme =" 



Measures of Weight, 

English Grains. 
.0154 
.1548 
1.5482 
15.4828 
154.8234 
1543.2348 
15482.848 
154328.480 



Avoirdupois. 



Pound. 
== 
= 
= 2 
= 22 



Oz. 

3 
8 
1 



Drm. 

5.65 

8.5 

5 

2 
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dflteetioii o£, in oiganio mixtarei^ Ac., . . .'tft 

.1ft 

Imtie, ItlH 

Wtiaie, nA 

Imtjrie, 838. U^ 

o^wylie, tHH 

earbonie, •Efciflutioii oi, 3(^0 

eholalifl^ It40 

eboleio, 340 

eiiolie, 9.1VI 

eholoidie, 340 

exeretolie, 107 

formie, 3<l 

glyeoeholie 3.1U 

hippnrie, .1.1 

liydroehloiic, detection of, in oi^^anio mixturon, ilc, . .ItJI 

qnantitatiye determination .114 

hydroeyuue, detection of, in organic mixturoN, Ac, , .130 

qnantitatiTe determination of, . . .134 

inosie 344 

lactic 33r, 344 

lithic, .11 

meeonic, 113^ 

mynstic, 33N 

nitric, detection of, in organic mixture*, Ac. , ..lift 

oxalic, .IIT 

quantitative determination, . . i1 1 tl 

phosphoric, detection of, 4»1, 44, 40 

qoantitative determination, ... Aft, AM 

prnssic, .130 

sarcolactic, 344 

snlphnric, detection of, in organic mixtures, Ac., . . .111 

quantitative determination, ftO 

in urine. ... 00 

tanrocholic, SHU 

uric, *11 

in the blood, fill 

xanthoproteic, 180 

Ldulterations of milk 3.10 

Llbumen, ............ 180 

in urine, estimation of^ 140 

tests for, 80 

Ubuminose 181 

Ubnminous urine, 70 
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Alcohol, detection of, in organic mixtures, 
Alkaline phosphates, determination in urine, 
salts of the urine, 

Alkapton in urine 

Ammonia, detecCion of, in organic mixtures, 

determination, in urine, . 
Ammoniacal salts of the urine. 

Amyloid, animal, ' 

Animal charcoal, purification of, 
Animalcules in the blood, 

Anaemia, blood in, 

Annatto in milk, 

Antimony, detection of, in organic mixtures, 

the tissues, 
determination of, . 
electrolytic test for, 
galvanic test for, . 
Reinsch's test for, . 
Apothecaries' weight. 
Arsenic, detection of, in copper, 

hydrochloric acid, 
organic mixtures, 
oily or fatty matters, 
paper hangings, 
the tissues, 
determination of, 
electrolytic test for. 
Marsh's test for, . 
reduction test for, 
Reinsch's test for. 
Arsenic acid, separation of, 
Arsenious acid, 
Ass, milk of. 
Avoirdupois weight, . 

Barium, detection of, in organic mixtures, 
Becqnerel, his analysis of urine, 

and Vernois, their analysis of milk, 
and Rodier, their analysis of bk)od, 

Benzonitrile, 

Berzelius, his analysis of bone, 

urine. 
Bile, composition of, .... 
tests for, ...... 

Biliary calculi, 

matter in the blood, 

urine, . . % 

Bilipbsein, 

Biliverdin, 

Bismuth, detection of, in organic mixtures. 
Blood, ....... 

analysis of, 

containing animalcules, . 
biliary matter, 
excess of albumen, 

cholesterin, . 

corpuscles, 

fat, 

fibtin, 



. 333 
54,58 
41 
79 
270 
53 
41 
241 
29 
223 
212 
237 
293 
293 
294 
293 
293 
292 
341 
281 
281 
282 
287 
290 
288 
290 
284 
277 
276 
280 
289 
275 
23 
291 

337 
63 
230 
209 
35 
261 
61 
289 
83 
163 
222 
83 
241 
241 
335 
169 
190 
223 
222 
214 
216 
212 
215 
214 



da(«tt«l in oi^oie Biiitoret, ■ 



C^pkiDli, biliarj, 



CMts. fibrinona 

Chalket0D<1^ 

Chlorine.' delcnni'niiliDii of, in urine, '.'.'.'.'.'. ii. 00 

Chloroaia, blood in, 212 

Cbolopyrrhin 222 

Cholota, blood in 213 

Oholeatecin IBS 

in tfae blood, 2IE 

Cholin 23B 



Oombuitible colcnll, ex urn In 
CoaoretioDB, gout;, . 
Conio, deteotion of, in org&'n 
Copiwr, deteetioD of, in orgu 
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PAGE 

Oopper, eleotrolytio test for, . .306 

examination of, for arsenio, .280 

quantitative determination of, . . . . • ^^a 

standard alkaline eolation of, . . . . . * ofo 

Corpasoles in blood, * 904 

Corrosive sublimate, detection of, in organic mixtures, Ac., . * ^«. 

Cow, milk of, '242 

Creatin (kreatin) '243 

Crestinin (kreatinin), .gg 

Cystin calculi, -.q^ 

tests for, 

Deposits, urinary, examination of, 19, 

microscopic examination of, . . . . . 220 

Diabetes, blood in, - 71 

Diabetic urine, ,J: 

quantitative analysis of, il: 

Dialysis, separation of poisons by, ^^^ 

Dumas, his analysis of blood ^^^ 

Earthy phosphates, determination of, in urine, . . . . b^ 9 ^^ 

salts of the urine, ^ 

Electrolytic test for antimony, ^^^ 

arsenic, ^^^ 

bismuth, . . ' '^'^^ 

copper, S06 

mercury, 252 

Epithelinm, 38 

Ewe, milk of, 231 

Excrements, solid, 167 

Ezcretin 168 

Extractive matters of the blood, > . .185 

urine, 39 

Fat, detected in organic mixtures, 269 

globules in milk, 227 

Fatty acids, earthy salts of, in urine, 126 

volatile, in serum, 186 

matters of the blood, 186 

in excess in the blood, ...... 215 

Fasces, constituents of, 167 

Fermentation test for sugar, 76 

Fibrin, 181 

excess or deficiency of, in blood 214 

in urine, 82 

soluble 182 

Fibrinous casts, ' . . . .82 

Fignier's process for analysis of blood, 221 

Flesh, juice of, 242 

Frothing, prevention of, 283 

Fusible calculi, 155 

Galactin, 231 

Gallstones, . 163 

Gelatin, 254 

Globules, organic, . . 86 

aintin, .266 

QlyeooiHt 36, 240 
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JD, 241 

milk, deteetioD of, 237 

jilkof, 231 

soDoretioDS, 164 

in, 178 

o-orysiainne, . . . ■. 179 

oidin, 179 

) test for bile, . . 84 

ted calculi, 157 

1. 201 

io acid, . 33 

excess of, in urine, 67 

hloric acid, detection of, in organic mixtures, . . 313 

quantitative determination of, . . . . 314 

ijanic acid, detection of, in organic mixtures, Ji^., . . 320 

Henrj and Humbert's test for, .... 322 

Liebi^s test for, 321 

quantitative determination of, . . 324 

Scheele's test for, 321 

sulphur test for, 322 

inthin, 244 

il measure, ........ ... 341 

ation of organic matter, 52 

extracted from urine, 40 

244 

detection of, in organic mixtures, 268 

of potassium, detection of, in organic mixtures, . . . 310 

detection of, in organic mixtures, 309 

in the urine^ 92 

f flesh, 242 

1 ............ 87 

(Creatin) 242 

detection of, in organic mixtures, 268 

in (Greatinin), 243 

determination of, in urine, 37 

icid 227,244 

226 

eter, 288 

itected in water, 299 

tected in the tissues, 303 

irch for, in organic mixtures, 300 

1 239 

273 

i process for estimating urea, 96 

sanguinis, 171 

accharine matter from, 241 

of ammonia, 32, 65 

lithin, 33 

potash, 32 

soda, 32 

cid, 31 

detected in organic mixtures, 271 

excess of in urine, 64 
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PA*. 

Margarin, . . , . 2 

Marsh's test for arsenic, 2 

Maamen^'s test for sugar, 

Meoonio acid, *. . 3 

Mercury, detection of, in organic mixtures, ..... 2 

electrolytic test for, 2 

galvanic test for, . 2? 

Lassaigne's test for, 

nitrate, preparation of, . . . ' . 

Microscopic examination of urinary deposits, ..... 

Milk, 

adulteration of, ^m — :j 

containing blood, ^^S3^ 

pus, ^^3s 

detected in organic mixtures, ^^69 

globules ^£7 

human, composition of, ... ^ ... . "^29 

morbid 234 

quantitative analysis of, 232 

sugar of, 226 

valuation of, 237 

Milky blood, 216 

Mill on' 8 test for albumen, 81 

Mixed animal fluids, examination of, ...... 272 

Moore's test for sugar, . 75 

Morbid blood, 210 

bone 262 

milk, . 234 

mucus, 248 

urine, 63 

Morbid urine, qualitative examination of, . . . . . 94 

Morphia, detection of, 326 

Mucus, 245 

morbid, . . . . 248 

quantitative analysis of, 247 

Kicotia, detection of, in organic mixlures 330 

Nitrate of urea 30 

Nitric acid, detection of, in organic mixtures, 315 

in stains on clothing, .... 317 

Nnx vomica, 328 

Olein. 228 

Opium, detection of, in organic mixtures, 325 

Organic globules in urine, 86 

Ossein 254 

Oxalate of lime calculi 156 

deposits, 89 

of urea, 29 

Oxalic acid, detection of, in organic mixtures, . . .317 

quantitative determination of, . . . . . 319 

Palmitin 228 

Paper-hangings, detection of arsenic in, 290 

Parchment-paper, .......... 284 

Peptone, 181 

Pettenkofer's test for bile, 83 

Phosphate of ammonia and magaesvfw q^XqxxW, 154 
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in blood SS3 

In mitk 3»5 
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<i«tioD test for sreenie. 2T6 

Dwh'e Uat for satimoDj' 291 

■rsenio 2S0 

iin 243 

lOlBOtiB leid 2U 

loiin 24) 

wle'ieraen, 376 

.«n, 88 

ilin, 186 

im. eompoaition of, 209 

er, detection of, in orgnnio miilnfat, 336 

ilfio gravity of urine taken 123 

rmatoEoa SB 

na of blood identified ITS 

■dh-Eronuietr 33T 

Tin, 2S9 

cbniu, detection of, in o^pinio miitniea 328 

identification aC. 328 

or, Efittger' test for. 76 

dBCecIedin Drganio miilaiea 270 

diabetic 71 

fernientutiuD-teat for, 76 

in blood, 220 

in bealthy urine. 38 

in nrloe, estimation of. 112 

Manmene'a teat for 76 

Moore'B l*«t tor 75 

offleib (inoeite), 2M 

of liver 241 

of milk, 226 



80 



850 INDEX. 



Sugar, volumetric determination of, U2 

Sulphate of indigo, detection of, in organic mixtures, ... 312 

Sulphuric acid, detection of, in organic mixtures, .... 3U 

in stains on clothing, .... 312 

Syntonin, 1B4 

System for analysis of animal substances, 272 

detection of poisons, 333 

Taurin, 240 

Tobacco, detection of, 330 

Torula, • . . . 77 

Triple-phosphate calculi, 1^ 

deposits 4===5, 70 

Trommer's test for sugar 73 

Troy weight, 341 

Tyrosin in urine, 122 

Urate of ammonia, 32 

calculi, 153 

deposits, ^5 

lime in calculi, 158 

lithia, ....... ... 32 

potash, 32 

soda, $^> M 

in the blood 219 

Urea 27 

detected in organic mixtures, • 267 

excess of, in urine 64 

in the blood, Sl7 

method of estimating, 48 

Davy's, 102 

Leconte*8, 100 

Liebig's, 96 

nitrate of, 30 

oxalate of, 29 

Uric acid, 81 

calculi of, 161 

deposits, 103 

detected in organic mixtures, . . . . <v . 271 

excess of, in urine, 65 

in the blood, 219 

Uric oxide, 152 

Urina chyli, 25 

potus, 25 

sanguinis, .25 

Urinary calculi 150 

deposits, examination of, 124 

microscopic examination of, 131 

Urine, albuminous, quantitative analysis of, 148 

chylous, .87 

coloring matter of, 40 

containing albumen, 79 

alkapton, 79 

bile 83 

blood 82 

oystin, 121 

fat, 87 

iodine, &o., 03 
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ine containing oxalate of lime 89 

pns, 85 

semen, 88 

orate of soda, ^6 

determination of acidity of, 60 

diabetie, 71 

quantitative analysis of, 137 

healthy. 25 

average eompoeition of, 61 

quantitative analysis o^ 48 

speeillo gravity of^ 26, 123 

morbid, 63 

qualitative examination of, 94 

with excess of alkaline salts, 69,111 

earthy phosphates, 69, 111 

extractive matters, 68, 109 

hipparie acid, 67, 107 

maeas, 67, 108 

urate of ammonia 65,104 

urea 64, 95 

uric acid, 64, 103 

inometer, 123 

sglancin, 41 

»hsMnatin, 40 

oetealith 161 

Dxanthin, 41 

rhodin 41 

nous blood, composition of, 209 

steal mucus, 38 

tier, detection of lead in, 299 

dghto vd measures 341 



nthic oxide, , , , 152 

ic, detectioB of^ in organic mixtures, . ... 307 
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1 vol. 12mo. Cloth, $2 75 ; leather, $3 25. 

ANDERSON (McGALL). ON THE TREATMENT OF DISEASES , 
OF THE SKIN. In one small 8vo. vol. Cloth, $1 00. 

BLOXAM (C. L.) CHEMISTRY, INORGANIC AND ORGANIC. 
With Experiments. In one handsome octavo volume of 700 pagei, 
with 300 illustrations. Cloth, $4 00 ; leather, $5 00. 

BBINTON (WILLIAM). LECTURES ON THE DISEASES OF THB 
STOMACH. From the second London edition, with illustrations. 
1 vol. 8vo. Cloth, $3 25. 

BBTINTON (T. LAUDEB). A MANUAL OF MATERIA MEDICA 
AND THERAPEUTICS. In one 8vo. volume. {Preparing.) 

BIGELOW (HENBY J.) ON DISLOCATION AND FRACTURE OF 
THE HIP, with the Reduction of the Dislocations by the Flexion Me* 
thod. In one 8vo. vol. of 150 pp., with illustrations. Cloth, $2 50. 

BASHAM (W. R.) RENAL DISEASES ; A CLINICAL GUIDE TO 
THEIR DIAGNOSIS AND TREATMENT. With illustrations. 
1 vol. 12mo. Cloth, $2 00. 

BUMSTEAD (F. J.) THE PATHOLOGY AND TREATMENT OF 
VENEREAL DISEASES. Including the results of recent investi- 
gations upon the subject. Third edition, revised and enlarged, with 
illustrations. 1 vol. 8vo., of over 700 pages. Cloth, $5 ; leather, $6. 

AND CULLERIEB'S ATLAS OF VENEREAL. See **Culli- 

BIER." 

BABLOW (GEOBGE H.) A MANUAL OF THE PRACTICE OF 
MEDICINE. 1 vol. 8vo., of over 600 pages. Cloth, $2 60. 

BAIBD (BOBEBT). IMPRESSIONS AND EXPERIENCES OF THB 
WEST INDIES. 1 vol. royal 12mo. Cloth, 76 cents. 

BARNES (BOBEBT). A PRACTICAL TREATISE ON THE DIS- 
EASES OF WOMEN. In one handsome 8vo. vol. of about 800 pages, 
with 169 illustrations. Cloth, $6 ; leather, $6. {Lately issued.) 

BRYANT (THOMAS). THE PRACTICE OF SURGERY. In one 
handsome octavo volume, of over 1000 pages, with many illustra- 
tions. Cloth, $6 25 ; leather, $7 25. {Lately issued.) 

BLANDFOBD (G. FIELDING). INSANITY AND ITS TREATMENT. 
With an Appendix of the laws in force in the United States on the 
Confinement of the Insane, by Dr. Isaac Ray. In one handsome 8vo 
vol., of 471 pages. Cloth, $3 26. 
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^^XLAIIT'S MANUAL OF STTBOICAL ANATOMY. With nnmeroni 
ilhutrations. In one royal I2mo. voL Cloth, $2 25. {Lately igsued. ) 

^OUTMAN (JOHN E.) A PRACTICAL HAND-BGOE OF MEDICAL 
CHEMISTRY. Edited by C. L. Blozam. Sixth American, from 
the fourth and revised London edition. With nnmeroni illiutra- 
tions. 1 vol. royal 12mo. of 350 pages. Cloth, $2 25. 

INTRODUCTION TO PRACTICAL CHEMISTRY. INCLUD- 
ING ANALYSIS. Edited by C. L. Bloxam. Sixth American, 
from the sixth and revised London edition, with nnmeroos illustra- 
tions. I vol. royal 12mo. of 350 pages. Cloth, $2 25. 

QHAMBEBS (T. K.) a MANUAL OF DIET IN HEALTH AND 
^^ DISEASE. In one handsome octavo volume of 310 pages. Cloth, 
$2 75. (Just issiud.) 

RESTORATIVE MEDICINE. An Harveian Annual Oration 

delivered at the Royal College of Physicians, London, June 21, 1B71. 
In one small 12mo. volume. Cloth, $1 00. 

COOFER (B. B.) LECTURES ON THE PRINCIPLES AND PRACTICE 
OF SURGERY. In one large 8vo. vol. of 750 pages. Cloth. $2 00. 

riABPENTEB (WM. B.) PRINCIPLES OF HUMAN PHYSIOLOGY, 

V/ WITH THEIR CHIEF APPLICATIONS TO PSYCHOI/KiY. PA- 

THOLOGY, THERAPEUTICS, HYGIENE. AND FOREN.SIC 

MEDICINE. In one large vol. 8vo., of nearly 900 cloiely priuted 

pages. Cloth, $5 50 ; leather, raised bands, $0 50. 

PRIZE ESSAY ON THE USE OF ALCOHOLIC LIQUORS IN 

HEALTH AND DISEASE. New edition, with a Preface by D. F. 
Condie, M.D. 1 vol. 12mo. of 178 pages. Cloth, 60 cents. 

0HRI8TI80N (ROBERT). DISPENSATORY OR COMMENTARY ON 
THE PHARMACOPOEIAS OF GREAT BRITAIN AND THE 
UNITED STATES. With a Supplement by R. E. Griffith. In one 
Svo. vol. of over 1000 pages, containing 213 illustrations. Cloth, $4. 

OHTIRGHILL (FLEETWOOD). ON THE THEORY AND PRACTICE 
OF MIDWIFERY. With notes and additions by D. Francis Condie, 
M.D. With about 200 illustrations. In one handsome 8vo. vol. of 
nearly 700 pages. Cloth, $4 ; leather, $5. 

ESSAYS ON THE PUERPERAL FEVER, AND OTHER DIS- 
EASES PECULIAR TO WOMEN. In one neat octavo vol. of about 
450 pages. Cloth, $2 50. 

OONDIE (D. FRANCIS). A PRACTICAL TREATISE ON THE DIS- 
EASES OF CHILDREN. Sixth edition, revised and enlarged. In 
one large octavo volume of nearly 800 pages. Cloth, $5 25 ; lea- 
ther, $6 25. 

OULLERIER (A.) AN ATLAS OF VENEREAL DISEASES. Trans- 
lated and edited by Freeman J. Bum stead, M.D. A large imperial 
quarto volume, with 26 plates containing about 150 figures, beauti- 
fully colored, many of them the size of life. In one vol., strongly 
bound in cloth, $17. 

— — Same work, in five parts, paper covers, for mailing, $3 per part. 

CYCLOPEDIA OF PRACTICAL MEDICINE. By Dunglison, Forbes, 
Tweedie, and Conolly. In four large super-royal octavo volumes, of 
3254 double-columned pages, leather, raised bands, $15. Cloth, $11. 
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CAMPBELL'S LIVES OF LORDS KENTON, ELLENBOROUGH, A 
TENTERDEN. Being the third volume of '< Campbeirs Livei 
the Chief Justices of England." In one orown octavo vol. Cloth, 

D ALTON (J. C.) A TREATISE ON HUMAN PHYSIOLOGY. Si. 3^ 1 
edition, thoroughly revised, and greatly enlarged and improved, v^-^^ 
816 illustrations. In one very handsome 8vo. vol. of 830 j^^ . 
Cloth, $5 60; leather, $6 60. {Now ready.) ' 

DAVIS (F. H.) LECTURES ON CLINICAL MEDICINE. Seooxic 
edition, revised and enlarged. In one 12mo. vol. Cloth, $1 ^5, 

DON QUIXOTE BE LA MANCHA. lUustrated edition. In two hack <f. 
some vols, crown 8vo. Cloth, $2 60 ; half morocco, $3 70. 

DEWEES (W. P.) A TREATISE ON THE DISEASES OF FEMALE? S. 
With illustrations. In one 8vo. vol. of 636 pages. Cloth, $3. 

A TREATISE ON THE PHYSICAL AND MEDICAL TRBA. T- 

MENT OF CHILDREN. In one 8vo. vol. of 648 pages. Cloth, $2 8C. 

DKUITT (ROBERT). THE PRINCIPLES AND PRACTICE OP M^O- 
DERN SURGERY. A revised American, from the eighth London 
edition. Illustrated with 432 wood engravings. In one 8vo. rol. 
of nearly 700 pages. Cloth, $4 ,* leather, $6. 

DUNGLISON (BOBLEY). MEDICAL LEXICON; a Dictionary of 
Medical Science. Containing a concise explanation of the various 
subjects and terms of Anatomy, Physiology, Pathology, Hygiene, 
Therapeutics, Pharmacology, Pharmacy, Surgery, Obstetrics, Medical 
Jurisprudence, and Dentistry. Notices of Climate and of Mineral 
Waters ; Formulsd for Officinal, Empirical, and Dietetic Preparations! 
with the accentuation and Etymology of the Terms, and the French 
and other Synonymes. In one very large royal 8vo. vol. New edi- 
tion. Cloth, $6 60 ; leather, $7 60. (Just issued.) 

HUMAN PHYSIOLOGY. Eighth edition, thoroughly revised. 

In two large 8vo. vols, of about 1600 pp., with 632 illus. Cloth, $7. 

NEW REMEDIES, WITH FORMULiB FOR THEIR PREPARA- 



TION AND ADMINISTRATION. Seventh edition. In one very 
large 8vo. vol. of 770 pages. Cloth, $4. 

DE LA BEGHE'S GEOLOGICAL OBSERVER. In one large 8vo. vol. 
of 700 pages, with 300 illustrations. Cloth, $4. 

DANA (JAMES D.) THE STRUCTURE AND CLASSIFICATION OF 
ZOOPHYTES. With illustrations on wood. In one imperial 4to. vol. 
Cloth, $4 00. 

ELLIS (BENJAMIN). THE MEDICAL FORMULARY. Being a 
collection of prescriptions derived from the writings and practice of 
the most eminent physicians of America and Europe. Twelfth edi- 
tion, carefully revised by A. H. Smith, M. D. In one 8vo. volume 
of 374 pages. Cloth, $3. 

ERICHSEN (JOHN). THE SCIENCE AND ART OF SURGERY. 
A new and improved American, from the sixth enlarged and re- 
vised London edition. Illustrated with 630 engravings on wood. In 
two large 8vo. vols. Cloth, $9 00 ; leather, raised bands, $11 00. 

ENGYCLOPJEDIA OF GEOGRAPHY. In three large 8vo. vols. Illus- 
trated with 83 maps and about 1100 wood-cuts. Cloth, $6. 

PNWICK (SAMUEL). THE STUDENTS' GUIDE TO MEDICAL 
DIAGNOSIS. From the Third Revised and Enlarged London Edi- 
tion. In one vol. royal 12mo., with numerous illustrations. Cloth, 
$2 26. {Just issued.) 
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UBTCHER'S NOTES FROM NINEVEH, AND TRAVELS IN MESO. 
POTAMIA, ASSYRIA, AND SYRIA. In one 12mo. vol. Cloth, 75 ots. 

OX ON DISEASES OF THE STOMACH. From the third London edi- 
tion. In one ootaTO toI. Cloth, $2. {Just issued.) 

nrr (atistik). a treatise on the principles and 

PRACTICE OF MEDICINE. Fourth edition, thoroughly revised 
and enlarged. In one large 8vo. volume of 1070 pages. Cloth, $6 ; 
leather, raised bands, $7. {Just issued.) 

— A PRACTICAL TREATISE ON THE PHYSICAL EXPLORA- 
TION OF THE CHEST, AND THE DIAGNOSIS OF DISEASES 
AFFECTING THE RESPIRATORY ORGANS. Second and revised 
edition. One 8vo. vol. of 595 pages. Cloth, $4 50. 

— A PRACTICAL TREATISE ON THE DIAGNOSIS AND TREAT- 



IfENT OF DISEASES OF THE HEART. Second edition, enlarged. 
In one neat 8vo. vol. of over 500 pages, $4 00. 

— ON PHTHISIS : DIAGNOSIS, PROGNOSIS, AND TREAT- 
MENT, in a series of Clinical Lectures. A new work. In one hand, 
some 8vo. volume. (In press.) 

— MEDICAL ESSAYS. In one neat 12mo. volume. Cloth, $1 38. 



TTOWKES (GEORGE). A MANUAL OF ELEMENTARY CHEMISTRY. 
-^ From the tenth enlarged English edition. In one royal 12mo. vol. of 
857 pages, with 197 illustrations. Cloth, $2 75 ,• leather, $3 25. 

'pULLER (HENRY). ON DISEASES OP THE LUNGS AND AIR 
^ PASSAGES. Their Pathology, Physical Diagnosis, Symptoms, and 

Treatment. From the second English edition. In one 8vo. vol. 

of about 500 pages. Cloth, $3 50. 

GALLOWAY (ROBERT). A MANUAL OF QUALITATIVE AN- 
ALY6IS. From the fifth English edition. In one 12mo. vol. Cloth, 
$2 50. {Lately published.) 

LUGE (GOTTLIEB). ATLAS OP PATHOLOGICAL HISTOLOGY. 
Translated by Joseph Leidy,. M.D., Professor of Anatomy in the 
University of Pennsylvania, &o. In one vol. imperial quarto, with 
320 copperplate figures, plain and colored. Cloth, $4. 

BEEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY AND 
MORBID ANATOMY. In one handsome 8vo. vol., with numerous 
Ulustrations. Cloth, $2 50. 

IBSON'S INSTITUTES AND PRACTICE OF SURGERY. In two 8vo. 
vols, of about 1000 pages, leather, $6 50. 

_Y (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
A new American, from the fifth and enlarged London edition. In one 
large imperial 8vo. vol. of about 900 pages, with 462 large and elabo- 
rate engravings on wood. Cloth, $6 ; leather, $7. {Lately issued.) 

GRIFFITH (ROBERT E.) A UNIVERSAL FORMULARY, CON- 
TAINING THE METHODS OF PREPARING AND ADMINISTER- 
ING OFFICINAL AND OTHER MEDICINES. Third and Enlarged 
edition. Edited by John M. Maisch. In one large 8vo. vol. of 800 
pages, double columns. Cloth, $4 50 ; leather, $5 50. 

GROSS (SAMUEL D.) A SYSTEM OF SURGERY, PATHOLOGICAL, 
DIAGNOSTIC, THERAPEUTIC, AND OPERATIVE. Illustrated 
by 1403 engravings. Fifth edition, revised and improved. In two 
large imperial 8vo. vols, of over 2200 pages, strongly bound in 
leather, raised bands, $15. {Lately issued.) 

A PRACTICAL TREATISE ON FOREIGN BODIES IN THE 

AIR PASSAGES. In one 8vo. vol. of 468 pages. Cloth, $2 75. 
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GUEESAliT (P.) SURGICAL DISEASES OF INFANTS AND CHIL- 
DREN. Translated by R. J. Dunglison, M. D. In one 8vo. vol. 
Cloth, $2 50. 

HUDSON (A.) LECTURES ON THE STUDY OF FEVER. 1 toI. 
8vo., 316 pages. Cloth, $2 50. 

HEATH (CHRISTOPHEE). PRACTICAL ANATOMY ; A MANUAL 
OF DISSECTIONS. With additions, by W. W. Keen, M. D. In 1 
volume ; with 247 illustrations. Cloth, $3 50 ; leather, $4. 

HAETSHORNE (HENRY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Fourth and revised edition. 
In one 12mo. vol. Cloth, $2 63 ; half bound, $2 88. {Lately issued.) 



— CONSPECTUS OF THE MEDICAL SCIENCES. Comprising 
Manuals of Anatomy, Physiology, Chemistry, Materia Medioa, Prac- 
tice of Medicine, Surgery, and Obstetrics. Second Edition. In one 
royal 12mo. volume of over 1000 pages, with 477 illustrations. 
Strongly bound in leather, $5 00 \ cloth, $4 25. {Lately issued.) 



A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one ^ 



neat royal 12mo. volume, with many illustrations. Cloth, $1 75. 

HAMILTON (FRANK H.) A PRACTICAL TREATISE ON FRAC — 
TURES AND DISLOCATIONS. Fifth edition, carefully revised^^ 
In one handsome 8vo. vol. of 830 pages, with 344 illustrations. Cloth ^^ 
$5 75 ; leather, $6 75. {Now ready.) 

HOLMES (TIMOTHY). A MANUAL OF PRACTICAL SURGERF. 
In one handsome 8vo. volume, with many illustrations. {Preparing. > 

HOBLYN (RICHARD D.) A DICTIONARY OF THE TERMS USEP 
IN MEDICINE AND THE COLLATERAL SCIENCES. In one 
12mo. volume, of over 500 double-columned pages. Cloth, $1 50; 
leather, $2. 

HODGE (HUGH L.) ON DISEASES PECULIAR TO WOMEN, IN- 
CLUDING DISPLA.CEMENTS OF THE UTERUS. Second and 
revised edition. In one 8vo. volume. Cloth, $4 50. 



— THE PRINCIPLES AND PRACTICE OP OBSTETRICS. lUns- 

trated with large lithographic plates containing 159 figures from 
original photographs, and with numerous wood-cuts. In one large . 
quarto vol. of 550 double-columned pages. Strongly bound in cloth, 

^ JL4. 

HOLLAND (SIR HENRY). MEDICAL NOTES AND REFLECTIONS. 
From the third English edition. In one 8vo. vol. of about 500paee8. 
Cloth, $3 50. 

HODGES (RICHARD M.) PRACTICAL DISSECTIONS. Second edi- 
tion. In one neat royal 12mo. vol., half bound, $2. 

HUGHES. SCRIPTURE GEOGRAPHY AND HISTORY, with 12 
colored maps. In 1 vol. 12mo. Cloth, $1. 

HORNER (WILLIAM E.) SPECIAL ANATOMY AND HISTOLOGY. 
Eighth edition, revised and modified. In two large 8vo. vols, of over 
1000 pages, containing 300 wood-cuts. Cloth, $6. 

HILL (BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS DIS 
ORDERS. In one 8vo. volume of 467 pages. Cloth, $3 25. 

ITILLIER (THOMAS). HAND-BOOK OF SKIN DISEASES. Second 
J-L Edition. In one neat royal 12mo. volume of about 300 pp., with two 
plates. Cloth, $2 25. 
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IN THE CHSIfTIAS CHCECH. la «ne ^i>4i»f<«t <*ttoTO t^Iwim 
of M2 p«c«c Clocik, $Z 7». 

A EOCHS (E.) YELLOW 7EYEE IS ITS HlfTOEICAL. PATUO- 
I LOGICAL. ETIOLOGICAL, ASD THEEAPECTICAL EELA- 
TIOSS. la tiro ?To. Teas, «f atarlr U*M I»^«S' Cloili, $7. 

PSEUMOSIA. ITS STFPOFED COSSECTIOS, PATHOLO- 



GICAL ASD ETIOLOGICAL. WITH AUTUMSAL 7EYEB5. In 
one 8to. toL of ^4Kr |o^«c. Clvih, $Z. 

LTMCaiM (D. 7.) ELECTE0-THEEAPECTIC6. A Condensed lUn. 
! nal ni Medieal EleetrieHj. In one neat rojal ISmo. Tolmme, with 
mnstnlioBJ. CloUi, $1 ^. {Just itnud.) 

LEISHXAir (WnXIAJr). a EYBTEM op MIDWIPERY. Inelad. 
ing the Difeafei of Fr^ffiXMXkej and the Puerperal State. In one large 
and rery handjome 6to. toL of 700 pages and 182 illna. Cloth, $5 ; 
leather, $6. 

LAUBEVCE (7. Z.) ASD WOOS (EOBEBT C.) A HANBY-BOOK 
OF OPHTHALMIC EUEGERY. Seeond edition, reTised by Mr. 
Laurence. With numerous illus. In one 8to. toI. Cloth, $2 75. 

LEHMASS (C. G.) PHYSIOLOGICAL CHEMISTRY. Translated by 
George P. Day, M.D. With plates, and nearly 200 illustrations. 
In two large 8to. toIs., eoniaining 1200 pages. Cloth, $6. 

A MASUAL OF CHEMICAL PHYSIOLOGY. In one very 

handsome 8to. toI. of 336 pages. Cloth, $2 25. 

LAWSON (GEORGE). INJURIES OF THE BYE, ORBIT, AND EYE- 
LIDS, with about 100 illustrations. From the last English edition. 
In one handsome 8to. toI. Cloth, $3 50. 

LUDLOW (J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
TOMY, PHYSIOLOGY, SURGERY, PRACTICE OF MKl>I01NK, 
OBSTETRICS, MATERIA MEDIC A, CHEMISTRY, PHARM AOY, 
AND THERAPEUTICS. To which is added a Medical F«riuwl«rv. 
Third edition. In one royal 12mo. vol. of over 800 pi^««u O'"'*- 
$3 25 ; leather, $3 7^. 
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LATCOCK (THOMAS). LECTURES ON THE PRINCIPLES AND 
METHODS OF MEDICAL OBSERVATION AND RESEARCH. In 
one 12ino. vol. Cloth, $1. 

LYNCH (W. F.) A NARRATIVE OF THE UNITED STATES EX- 
PEDITION TO THE DEAD SEA AND RIVER JORDAN. In one 
large and handsome ootavo vol., with 28 beautiful plates and two 
maps. Cloth, $3. 

— ^— Same Work, condensed edition. One vol. royal 12mo. Cloth, $!• 

LEE (HEHBY) ON SYPHILIS. In one handsome Svo. vol. Cloth, 
$2 25. {Now r$ady.) 

LYONS (SOBEBT B.) A TREATISE ON FEVER. In one neat 8to. 
vol. of 362 pages. Cloth, $2 25. 

MARSHALL (JOHN). OUTLINES OF PHYSIOLOGY, HUMAN 
AND COMPARATIVE. With Additions by Francis G. Smith, 
M. D., Professor of the Institutes of Medicine in the University of 
Pennsylvania. In one Svo. volume of 1026 pages, with 122 illustra- 
tions. Strongly bound in leather, raised bands, $7 50. Cloth, $6 50. 

MACLISE (JOSEPH). SURGICAL ANATOMY. In one large im- 
perial quarto vol., with 68 splendid plates, beautifully colored; con- 
taining 100 figures, many of them life size. Cloth, $14. 

MEIGS (CHAS. D.). ON THE NATURE, SIGNS, AND TREATMENT 
;0F CHILDBED FEVER. In one Svo. vol. of 365 pages. Cloth, $2. 

MILLER (JAMES). PRINCIPLES OF SURGERY. Fourth American, 
from the third Edinburgh edition. In one large Svo. vol. of 700 
pages, with 240 illustrations. Cloth, $3 75. 

THE PRACTICE OF SURGERY. Fourth American, from the 

last Edinburgh edition. In one large Svo. vol. of 700 pages, with 
364 illustrations. Cloth, $3 75. 




MONTGOMERY (W. F.) AN EXPOSITION OP THE SIGNS AND 
SYMPTOMS OF PREGNANCY. From the second English edition. 
In one handsome Svo. vol. of nearly 600 pages. Cloth, $3 75. 

MULLER (J.) PRINCIPLES OF PHYSICS AND METEOROLOGY. 
In one large Svo. vol. with 550 wood-cuts, and two colored plates. 
Cloth, $4 50. 

MIRABEATJ ; A LIFE HISTORY. In one royal 12mo. vol. Cloth, 
75 cents. 

MACFARLAND'S TURKEY AND ITS DESTINY. In 2 vols, royal 
12mo. Cloth, $2. 

MARSH (MRS.) A HISTORY OF THE PROTESTANT REFORMA- 
TION IN FRANCE. In 2 vols, royal 12mo. Cloth, $2. 

NELIGAN (J.MOORE). AN ATLAS OF CUTANEOUS DISEASES. 
In one handsome quarto volume, with beautifully colored plates, &c. 
Cloth,-$5 50. 

NEILL (JOHN) AND SMITH (FRANCIS G.) COMPENDIUM OF 
THE VARIOUS BRANCHES OF MEDICAL SCIENCE. In one 
handsome 12mo. vol. of about 1000 pages, with 374 wood-cuts. 
Cloth, $4 ; leather, raised bands, $4 75. 

NIEBTJHR (B. 0.) LECTURES ON ANCIENT HISTORY; eom- 
prising the history of the Asiatic Nations, the Egyptians, 
Greeks, Macedonians, and Carthagenians. Translated by Dr. L. 
Schmits. In three neat volumes, crown octavo. Cloth, $5 00. 
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ODLING (WILLIAM). A COURSE OP PRACTICAL CHEMISTRY 
FOR THE USE OF MEDICAL STUDENTS. From the fourth 
revised London edition. In one 12mo. vol. of 261 pp., with 75 illus- 
trations. Cloth, $2. 

PAVY (F. W.) A TREATISE ON THE FUNCTION OF DIGESTION, 
ITS DISORDERS AND THEIR TREATMENT. From the second 
London ed. In one 8vo. vol. of 246 pp. Cloth, $2. {Lately isstted.) 

-^ A TREATISE ON FOOD AND DIETETICS, PHYSIOLOGI- 
CALLY AND THERAPEUTICALLY CONSIDERED. In one neat 
octavo volume of about 500 pages. Cloth, $4 75. {Just issued.) 

PASSISH (EDWABB). A TREATISE ON PHARMACY. With many 
FormulsB and Prescriptions. Fourth edition. Enlarged and thoroughly 
revised by Thomas S. Wiegand. In one handsome 8vo. vol. of 977 
pages, with 280 illus. Cloth, $5 50 ; leather, $6 50. {Just issued.) 

PIRRIE (WILLIAM) . THE PRINCIPLES AND PRACTICE OF SUR- 
GERY. In one handsome octavo volume of 780 pages, with 316 
illustrations. Cloth, $3 75. 

PEEEIRA (JONATHAN). MATERIA MEDIC A AND THERAPEU- 
TICS. An abridged edition. With numerous additions and refe- 
rences to the United States Pharmacopoeia. By Horatio C. Wood, 
M. D. In one large octavo volume, of 1040 pages, with 236 illustra- 
tions. Cloth, $7 00 ; leather, raised bands, $8 00. 

PULSZKY'S MEMOIRS OF AN HUNGARIAN LADY. In one neat 
royal 12mo. vol. Cloth, $1. 

PAGET'S HUNGARY AND TRANSYLVANIA. In two royal 12mo. 
vols. Cloth, $2. 

ROBERTS (WILLIAM). A PRACTICAL TREATISE ON URINARY 
AND RENAL DISEASES. A second American, from the second 
London edition. With numerous illustrations and a colored plate. 
In one very handsome 8vo. vol. of 616 pages. Cloth, $4 50. {Just 
issued.) 

RAMSBOTHAM (FRANCIS H.) THE PRINCIPLES AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND SORGERY. In one im- 
perial 8vo. vol. of 650 pages, with 64 plates, besides numerous wood- 
cuts in the text. Strongly bound in leather, $7. 

RIGBY (EDWARD). A SYSTEM OF MIDWIFERY. Second Ameri- 
can edition. In one handsome 8vo. vol. of 422 pages. Cloth, $2 50. 

RANKE'S HISTORY OF THE TURKISH AND SPANISH EMPIRES 
in the 16th and beginning of 17th Century. In one 8vo. volume, 
paper, 25 cts. 

HISTORY OF THE REFORMATION IN GERMANY. Parts I., 

11. , III. In one vol. Cloth, $1. 

ROYLE (J. FORBES). MATERIA MEDICA AND THERAPEUTICS. 
Edited by Jos. Carson, M. D. In one large 8vo. vol. of about 700 
pages, with 98 illustrations. Cloth, $3. 

SMITH (EUSTACE). ON THE WASTING DISEASES OF CHILDREN. 
Second American edition, enlarged. In one 8vo. vol. Cloth, $2 50. 
{Just issued.) 

SARGENT (F. W.) ON BANDAGING AND OTHER OPERATIONS 
OF MINOR SURGERY. New edition, with an additional chapter 
on Military Surgery. In one handsome royal 12mo. vol. of nearly 
400 pages, with 184 wood -outs. Cloth, $1 75. 



10 HEXBT C. LEA'S PUBLICATIONS. 



a. IXWB.^ A TRBATI8B ON TBB DISEASES OF IN- 
FAXCT AXD CHILDHOOD. S««ond ediHon. In one large Sto. 
^^««« of oT»r TM fMgw. Cloth, $6 ; lemther, $6. 
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QKAXFET ^iniLIAin ABB QUAIH (JONES AND BICHASD). 

O HCXAX AXATOXT. Witli noUs and additions by Jos. Leidy, 
X. D.. Pr«f. of AnatoBT in the UniTersity of Pennsylrania. In two 
Urpr <'Tv. To!s. of abovt 1300 pagw, with 51 1 illoskrations. Cloth, $6. 

TBEDSBIC O OPEBATIYB SURGERY. In one 8yo. vol. 
40if i»T*r fj>0 |«j«t, vith abont 100 wood-eats. Cloth, $3 25. 

OLABE D. D.^ DIPHTHERIA ; ITS NATURE AND TREATMENT. 
1^ SkosJ tditioa. In obo neat royal 12mo. toI. Cloth, $1 25. 

SHITH HENETH.^ANDHOBNEBCWILLIAKE.) ANATOMICAL 
ATLAS. niostrfttiT* of ihe straetnre of the Haman Body. In one large 
impeiial Sto. toI., with aboat 650 beantifal figures. Cloth, $4 50. 

SMITH EDWABB\ COXSUMPTION; ITS EARLY AND REME- 
DIABLE STAGES. In one S^ro. vol. of 254 pp. Cloth, $2 25. 

qriLLE .ALFRED . THERAPEUTICS AND MATERIA MEDIOA. 
(^ F>Manh «>i:uoB. r«rised and enlarged. In two large and handsome 
T<^!ui««Sr<c Cloth. $10: leather, |12. {JhU i4susd.) 

SCHXirZ A3n> ZXnCPrS classical series, in royal 18mo. 
CORXKUI NEPOTIS LIBER DE EXCELLENTIBUS DUCIBU8 

exterarux gentium, cum VITIS CATONIS ET ATTICI. 

With Bc>t««, Jtc. Prlc« in cloth. 60 cents; half bonnd, 70 cts. 

C. I. C^SARIS COMMENTARn DE BELLO GALLICO. With notes, 
mafk. and other ilIa;stTaiiond. Price in cloth, 60 cents ; half boand, 
rO c«nt«. 

C. 0. SALLUSTII DE BELLO CATILINARIO ET JUGURTHINO. 
With n\^«i», map. Ac. Price in cloth, 60 cents ; half bonnd, 70 cents. 

Q. CVRTII RUFU DE GESTIS ALEXANDRI MAGNI LIBRI VIH. 
With Bot««, map. Ac. Price in cloth, SO cents ; half bound, 90 cents. 

P. VIRGILII MARONIS CARMINA OMNIA. Price in cloth, 85 
eenis; half bonnd. $1. 

M. T. CICERONIS ORATIOXES SELECTAS XIL With notes, Ac. 
Pnc« in cloth, 70 c«nt« : half bonnd, SO cents. 

ECU>G^ EX Q. HORATII FLACCI POEMATIBUS. With notes, 
Ae. Price in cloth, 70 cents ; half bonnd, 80 cents. 

ADVANCED LATIN EXERCISES, WITH SELECTIONS FOR 
READING. RoTised, with additions. ' Cloth, price 60 cents ; half 
bound, 70 cents. 

SWATHE (JOSEPH GRIFFITHS). OBSTETRIC APHORISMS. A 
new American, from the fifth revised English edition. With addi- 
tions by E. R. Hutchins, M. D. In one small 12mo. vol. of 177 pp., 
with illustrations. Cloth, $1 25. 

QTBReSS (OCTAYIUS). AN INTRODUCTION TO THE STUDY 
O OF CLINICAL MEDICINE. In one 12mo. vol. Cloth, $1 25. 

OCHOSDLSR (FREDERICK) AND MEDLOCK (HENRY). WONDERS 

^ OF NATURE. An elementary introduction to the Sciences of Physics, 

Astronomy, Chemistry, Mineralogy, Geology, Botany, Zoology, 

and Physiology. Translated from the German by U. Medlock. In 

one neat Sro. toI., with 679 illustrations. Cloth, $3. 
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STOKES (W.) LECTURES ON FEVER. Publishing in the Medi- 
cal News and Library for 1875. 

SMALL BOOKS ON GREAT SUBJECTS. Twelve works ; each one 10 
cents, sewed, forming a neat and cheap series ; or done up in 3 vols., 
cloth, $1 50. 

STRICKLAND (AGNES). LIVES OP THE QUEENS OP HENRY 
THE VIII. AND OP HIS MOTHER. In one crown octavo vol., 
extra cloth, $1; black cloth, 90 cents. 

MEMOIRS OF ELIZABETH, SECOND QUEEN REGNANT OP 

ENGLAND AND IRELAND. In one crown octavo vol., extra cloth, 
$140; black cloth, $130. 

TANNER (THOMAS HAWKES). A MANUAL OP CLINICAL MEDI- 
CINE AND PHYSICAL DIAGNOSIS. Third American from the 
second revised English edition. Edited by Tilbury Pox, M. D. In 
one handsome 12mo. volume of 366 pp. Cloth, $1 50. 

ON THE SIGNS AND DISEASES OP PREGNANCY. First 

American from the second English edition. With four colored plates 
and numerous illustrations on wood. In one vol. 8vo. of about 500 
pages. Cloth, $4 25. 

TUKE (DANIEL HACK). INFLUENCE OF THE MIND UPON THE 
BODY. In one handsome Svo. vol. of 416 pp. Cloth, $3 25. {Just 
issued.) 

TAYLOR (ALPRED S.) MEDICAL JURISPRUDENCE. Seventh 
American edition. Edited by John J. Reese, M.D. In one large 
Svo. volume of 879 pages. Cloth, $5 ; leather, $6. (Just issued.) 

PRINCIPLES AND PRACTICE OP MEDICAL JURISPRU- 
DENCE. Prom the Second English Edition. In two large Svo. 
vols. Cloth, $10 ; leather, $12. {Just issued.) 

ON POISONS IN RELATION TO MEDICINE AND MEDICAL 

JURISPRUDENCE. Third American from the Third London Edi- 
tion. 1 vol. Svo. of 788 pages, with 104 illustrations. Cloth, $5 50 ; 
leather, $6 50. {Now ready.) 

TBOMAS (T. GAILLARD). A PRACTICAL TREATISE ON THE 
DISEASES OP FEMALES. Fourth edition, thoroughly revised. 
In one large and handsome octavo volume of 801 pages, with 191 
illustrations. Cloth, $5 00 ; leather, $6 00. {Jtist issued.) 

TODD (ROBERT BENTLEY) . CLINICAL LECTURES ON CERTAIN 
ACUTE DISEASES. In one vol. 8vo. of 320 pp., extra cloth, $2 50. 

THOMPSON (SIR HENRY). CLINICAL LECTURES ON DISEASES 
OP THE URINARY ORGANS. Second and revised edition. In 
one 8vo. volume, with illustrations. Cloth, $2 25. {Just issued.) 

THE PATHOLOGY AND TREATMENT OP STRICTURE OP 

THE URETHRA AND URINARY PISTULiB. From the third 
English edition. In one 8vo. vol. of 359 pp., with illus. Cloth, $3 50. 

THE DISEASES OF THE PROSTATE, THEIR PATHOLOGY 

AND TREATMENT. Fourth edition, revised. In one very hand- 
some 8vo. vol. of 355 pp., with 13 plates. Cloth, $3 75. 



WALSHE (W. H.) PRACTICAL TREATISE ON THE DISEASES 
OP THE HEART AND GREAT VESSELS. Third American from 
the third revised London edition. In one 8vo. vol. of 420 pages. 
Cloth, $3. 



12 HENRY C. LEA'S PUBLICATIONS. 

WATSOir (TH0KA8). LECTUBES ON THE PRINCIPLES AND 
PRACTICE OF PHYSIC. A new Amerioan from the fifth and en- 
larged English edition, with additions by H. Hartshorne, M.D. In 
two large and handsome octavo volames. Cloth, $9 ; leather, $11. 
{LaUly iutud.) 

WdHLEB'8 OUTLINES OF ORGANIC CHEMISTRY. Translated 
from the 8th Oerman edition, by Ira Remsen, M.D. In one neat 
12mo. vol. Cloth, $3 00. {Lately Usued.) 

WELLS (J. 80ELBEB0). A TREATISE ON THE DISEASES OF 
ft THE EYE. Second American, from the Third English edition, with 
additions by I. Minis Hays, M.D. In one large and handsome octavo 
vol., with 6 colored plates and many wood-cots, also selections from 
the test-types of Jaeger and Snellen. Cloth, $5 00 ; leather, $6 00. 
(Lately issued.) 

TVTHAT TO OBSEBVE AT THE BEDSIDE AND AFTER DEATH 
vf IN MEDICAL CASES. In one royal 12mo. vol. Cloth, $1. 

WEST (CHAELE8). LECTURES ON THE DISEASES PECULIAR 

vf TO WOMEN. Third American from the Third English edition. In 

one octavo volume of 550 pages. Cloth, $3 75 ; leather, $4 75. 

LECTURES ON THE DISEASES OF INFANCY AND CHILD- 
HOOD. Fifth American from the sixth revised English edition. In 
one large 8vo. vol. of 670 closely printed pages. * Cloth, $4 50 ,* lea- 
ther, $5 50. {Just issued.) 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. From the London Edition. In one small 12mo. 
volume. Cloth, $1. 

AN ENQUIRY INTO THE PATHOLOGICAL IMPORTANCE 



OP l-LCERATION OF THE OS UTERI. In one vol. 8vo. Cloth, 
$1 25. 

WILUAM8 (CHARLES J. B. and C. T.) PULMONARY CONSUMP- 
TION : ITS NATURE, VARIETIES, AND TREATMENT. In 
one neat octavo volume. Cloth, $2 50. {Lately published.) 

WILSON (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A 
n«»w and revised American from the last English edition. Illustrated 
with 397 engravings on wood. In one handsome 8vo. vol. of over 
t\00 pages. Cloth, $4 ; leather, $5. 

ON DISEASES OF THE SKIN. The seventh American from 

the lti«t English edition. In one large 8vo. vol. of over 800 page& 
Cloth. $5. 

Al«o, A SERIES OF PLATES, illustrating "Wilson on Diseases of the 
Skin,** consisting of 20 plates, thirteen of which are beautifully 
colored, representing about one hundred varieties of Disease. $5 50. 

Also, the TEXT AND PLATES, bound in one volume. Cloth, $10. 

THE STUDENT'S BOOK OP CUTANEOUS MEDICINE. In 



one handsome royal 12mo. vol. Cloth, $3 50. 

WINSLOW (FORBES). ON OBSCURE DISEASES OF THE BRAIN 
AND DISORDERS OF THE MIND. In one handsome 8vo. vol. 
ofnearly 600 pages. Cloth, $4 26. 

WINCKEL ON DISEASES OF CHILDBED. Translated by Chad- 
wlok, {Preparing.) 

Z1III8L ON VENEREAL DISEASES. Translated by Sturgis. 
{rrepartHg.) 
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